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The first of two C-E Controlled Circulation Boilers for the 
Potomac River Station of the Potomac Electric Power 
Company has now beer in service just over one year. The 
performance figures for this boiler, for the period from 
July 14, 1954 to July 14, 1955, show the following prin- 
cipal results. 


(In service or available. Not considered available while down 
for inspection or repair; while in process of starting up or 
shutting down; or during 12 day scheduled annual overhau! ) 





(Ratio of in-service hrs. to total hrs. — all ovtage not 
necessarily chargeable to boilers ) 











One of two C-E Controlled Circulation 
Boilers at Potomac River Station each of 
which serves a 90,000 kw turbine-gen- 
erator (nameplate rating) operating at « 
throttle pressure of 1800 psi with a pri- 
mary steam temperature of 1050 F, re- 
heated to 1000 F. 
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DESIGNED for each other and for Your Plant 


... that’s why you get more value when you buy S-E-Co. 


Notice how the valve and scale fit together. The valve outlet forms part of dust-tight 
slip joint at scale inlet. The scale is designed to allow the valve dust cover to extend 
over it, not into the aisle where it is an accident hazard . . . and the whole arrange- 
ment is not only compact but built to last — and last. 

In addition to coal scales and valves, the carefully designed and manufactured S-E-Co. 
line of products includes the CONICAL Non-Segregating Distributor; Automatic 
Underbunker Conveyor; Turn Counting and Paddle Type Coal Stoppage Alarms; 
and all other items required to make a complete, dust-tight and dependable Bunker 
to Pulverizer or Stoker installation. 


For complete information on any S-E-Co. product write: 


[case | STOCK Equipment Company 


. BUNKER TO PULVERIZER AND : 
BUNKER TO STOKER EQUIPMENT | 


745-C HANNA BLDG., CLEVELAND 15, OHIO 
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INQUIRING REPORTER: So you use Nalco System water treatment 
. . . How often are your boilers turbined? 


ENGINEER: | wouldn't know —only worked here seven —_ | 


You recognize the Engineer’s _ been turbined...and probably never will 
answer as a twist on the old one _ be. Older plants, where turbining was as 
about How- often -do-you-get-a- routine as checking the draft gauges, now 
vaise-around-here. Our excuse Open boilers only to show the inspectors, 
for bringing it up is that the engineer's 


These Nalco results can quite possibly be 
answer applies to hundreds of plants using 


duplicated in your plant, regardless of the 
Nalco water treatment. New plants, kind or severity of your water treatment 
starting boilers from scratch with Nalco, _ problems... or the size of your operation. 
report years on line, billions of pounds of Write or phone, now, fora fast start toward 
steam generated in boilersthat have never permanent water treatment security. 


NATIONAL ALUMINATE CORPORATION 
6234 West 66th Place * Chicago 38, Illinois 


Telephone: POrtsmouth 7-7240 
In Canada: Alchem Limited, Burlington, Ontario 


SYSTEM ... Serving Industry through Practical Applied Science 
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8 “BUFFALO” INDUCED DRAFT FANS By 
~2,800,000 .ss/ur of POWER-PRODUCING STEAM 


Ihe eight “Buffalo” Induced Draft Fans above punishing induced draft job in so many utility 


serve the four reheat cycle steam generators of stations as well as in industrial power plants. 


the 400,000-kw Wabash River Station of the Write for Bulletin 3750 and see why “Buffalo” 


Public Service Company of Indiana, Inc., above, 7 ‘ 

Forced Draft, Induced Draft, Gas Recirculating 
right. It takes a lot of air to produce power — 
and the source of air must be as reliable es the and Primary Air Fans give the dependable air 


fuel. This is why “Buffalo” is the choice for the delivery your boilers need for top output! 


BUFFALO FORGE COMPANY 
170 MORTIMER ST. BUFFALO, NEW YORK 
PUBLISHERS OF “FAN ENGINEERING” HANDBOOK 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont 
Sales Representatives in all Principal Cities 





VENTHRATING AIR CLEANING AIR TEMPERING INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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The R. Paul Smith Station of the Potomac Edison Co., 
at Williamsport, Md., had experienced considerable 
hangup trouble due to wet coal. Now they find that 
“‘wet coal flows much better over stainless-clad steel 
than it did over carbon steel. This is a great factor in 
our using it.” Stainless-clad equipment installed to 
date includes three coal chutes and one 36' coal pipe. 
These four units have averaged 3 years of service with 
practically no stoppage of coal flow. Clad steel’s satis- 
factory performance has resulted in Smith Station's 
planning to replace carbon steel equipment as it wears 
out with stainless-clad steel. 

Consistent economy is the major reason why clad is 
repeatedly chosen for replacement and original instal- 
lation service. This economy results directly from clad 
steel’s built-in qualities—a layer of stainless steel in- 
tegrally and permanently bonded to strong, low-cost 








LU 


These three stainless 


clad steel coal chutes 


Potomac Edison's Smith 
Station have provided 


trouble-free service 


2, 2% and 3% 


respe 


carbon steel backing plate. This combination provides 
lower initial cost than solid high-alloy plate, yet pro- 
vides the same long-term, maintenance-free protection. 
Clad has repeatedly demonstrated its ability to provide 
as much as 10 years’ service without any measurable 
loss of gage. With hard use clad steel develops smooth, 
mirror-like finish that means free coal flow 

For detailed information on stainless-clad steel’s ex- 
ceptional performance in coal handling service, write 
for Bulletin 740. Lukens Technical Service Department 
is available to work with your builders and engineers 
to put clad to work for you. In addition we will supply 
the names of qualified equipment builders who are 
experienced with your problems. Write to the Man- 
ager, Marketing Service, 684 Lukens Building, Lukens 
Steel Company, Coatesville, Pennsylvania. 


STAINLESS-CLAD STEELS 


vears 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 


PRODUCER OF THE WIDEST RANGE OF TYPES AND SIZES ABLE ANY WHERE 
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Americvan 


Llower 


reports on progress 
in power 


Plan be 


Teas 
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Gorgas Steam Plant No. 2, with 428,000 hp capacity, is on the Warrior River. Plant No. 8 (right), under construction, will hous 


Alabama Power ups capacity to 


As in the past, Alabama Power installs American 
Blower equipment—in building for the future 


ITH six steam and six hydroelectric plants 
W the Alabama Power Company forges ahead 
for the future of Alabama. In 1955 alone, it will 
invest more than $35,000,000 in bigger and 
better electrical facilities, including an eighth 
generating unit at their Gorgas Steam Plants 
When completed this year, Alabama Power's 
capacity will be over 2,000,000 hp! 


American Blower Forced and Induced Draft 
Fans, Fly Ash Precipitators and Gfrol Fluid Drives 
are being installed in this new plant. 


While Gorgas Steam Plant No. 3 is being built, From coast to coast you'll find American Blowet 
American Blower constructs two Fly Ash _ Precipitators 
which will be installed in this new plant. Ratings: 340,000 
cim @ 285° F. modernization of many othe1 progressive, investor- 


playing an important role in the expansion and 


September 1955—-C OMBUSTION 











” 
7 
4% 


fT 


' 
! 


r “a eT a 
— 4 » 7 _ 
> 
"Vina pil 
~ . : 





a 
. 
es 
SEE oon 
7 
—- 

se 
ee 
as 
ome 
; 


“ee. oe 
Rinad 
: _< 
ee 
oe 
. 
4 


rated at 208,000 hp 


over 2,000,000 hp! 


owned utilities. Plant operators have come to rely on 
American B er Heavy-Duty Steam Coils and Fly Ash 
Precipitato S is well as our Mechanical Draft Fans 
Dust Collectors, and Gyrol Fluid Drives for boiler-feed 


pump al 1 fan control. 


Give usa | to discuss your program. An experienced 
representat will gladly go over your requirements, 
equipment of the highest efficiency 
Contact your American Blower or Cana 

Branch Office. 
AMERICAN BLOWER CORPORATION, DETROIT 32. MICHIGAN 


CANADIAN ROCCO COMPANY, LTO WINDSOR, ONTARIO 


vision of American Radictor & Stondard Sanitary Corporation 


AMERICAN ©) BLOWER 
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> i 
Gorgas Unit No. 7 uses American Blower Fans 
with Gv¥rol Fluid Drives. Induced Draft Fans 
(above) are rated @ 262,500 cim @ 270° F @ 
15.25” sp (a 569 rpm 


American Blower Forced Draft Fans on Unit 
No. 7 at Alabama Power's Gorgas Steam Plant 
are capable of 180,000 clm @ 140° F @ 11.00" 
sp @ 808 rpm 


In addition to fan control, American Blower 
Gyrol Fluid Drives — class VI, 1500 hp ire used 


for idju { ble spec 1 control Ol VO1LICT-le¢ 1 pump 





EASY TO 
SERVICE... 


a plus value of ASHCROFT 


Moxisofe, 
DURAGAUGES 


Turn the knob on the back of the Mazxisafe and the plate 
comes off, fully exposing the entire mechanism for fast 
and easy inspection, recalibration or adjustment. This 
time and money-saving feature is highly favored wher- 
ever Ashcroft Maxisafe Duragauges are in service. 


This Duragauge was named Ma-zisafe because it has an 
ntegrally-cast wall to separate the dial from the move- 
ment and Bourdon Tube assembly — a solid wall of safety 
that protects the viewer if the tube ever ruptures. Cov- 
ering the back of the case is a double spring mounted 
afety release plate — a Teflon-coated plate tightly fitted 
on a rubber gasket and held in place by a knurled knob 
Less than 0.5 psi pressure created by a ruptured tube 
forces this cover open vents the discharge safely to 
the rea! 

YOUR INDUSTRIAL SUPPLY 

DISTRIBUTOR has complete The Maxisafe is available in 44%”, 6” and 8%” dial sizes 

f herof : 

ects edoot Ashcroft You can have a choice of standard Ashcroft Duragauge 

Govges of all types. You he 

can depend on his know! pressure ranges, case designs (except Types 1179 and 

edge and experience to 1279), and mountings. Get the utmost in sustained accur- 

help you satisfy every re : ss sa : . =A . re 

quienes of the epoiics acy, durability, protection and convenient servicing 

tion. He meointains loco! Specify Ashcroft Mavzisafe Duragauges. 

stocks to serve you prompt 

ly and economically 


A product of MANNING, MAXWELL & MOORE, INC. stratford, connecricur 


MAKERS OF ‘ASHCROFT’ GAUGES, ‘AMERICAN’ AND ‘AMERICAN-MICROSEN’ INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ 
VALVES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, AIRCRAFT PRODUCTS. BUILDERS OF “SHAW-BOX” 
AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES 
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Increasingly high pressures and temperatures in central power 
stations call for increasingly accurate determination of the stresses 
and reactions of main and reheat piping. Thorough flexibility 
analysis eliminates the necessity of providing an excessive safety 
factor by overdesigning. This means shorter pipe runs— which de- 
crease capital investment and increase operating efficiency. 

M. W. Kellogg’s special stress analysis group employs two basic 
techniques: (1) The general analytical method, involving develop- 
ment and solution of the requisite simultaneous equations for 
determining forces and moments in the piping system—calculated 
either manually or by an electronic computer; and (2) the unique 
Kellogg Piping Model Tester—which accurately simulates the 
operation of the most intricate piping systems under temperature. 

The stress analysis group, originally formed in 1932, has become 
an integral function for many of M. W. Kellogg’s power piping 
customers. The group is also available on a consulting basis. A 
recent booklet describes in detail Kellogg’s various techniques for 
piping flexibility analysis. Copies are available on request. 


FABRICATED PRODUCTS DIVISION 
THE M. W. KELLOGG COMPANY, 225 BROADWAY, NEW YORK 7, N.Y. 


The Canadian Kellogg Company, Lid., Toronto Ke'logg International Corporation, London 
SUBSIDIARIES OF PULLMAN INCORPORATED 





POWER PIPING-THE 
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M.W. KELLOGG 


FLEXIBILITY 


ANALYSIS 


TECHNIQUES 


KEEP PACE 


GENERAL 
ANALYTICAL 
SOLUTION- 

MANUALLY 
OR BY 
ELECTRONIC 
COMPUTER 


THE UNIQUE 
KELLOGG 
PIPING 
MODEL TESTER 


VITAL LINK 





POSITIONERS 
inFULL 


RANGE OF SIZES! 


Li. 


6” x 10” Hagan Power Posi- 
tioners operating inlet lou- 
vers to the forced draft fans 
for boilers of large power 
plant. (midwest climate) 


10” x 30” counterweighted 
Hagan Power Positioner for 
2500 pound slide type 
damper. 


8” x 25” Hagan Power Posi- 
tioner operating 54” butter- 
fly valve, controlling flow of 
biast furnace gas to boiler. 
(Outdoor installation, note 
steam tracer lines) 
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FOR INDUSTRY 


Hagan Power Positioners are rendering dependable, accurate service under 
the most severe operating conditions. These rugged, double acting units 
assure plenty of power, and are meeting high standards of accuracy for 
valve, damper and lever operating applications. 

Low piston leakage, low piston friction and modest cost make Hagan 
Precision Positioners an economical buy. 


CHECK THESE MANY OUTSTANDING FEATURES: 


ACCURATE 


HIGH SPEED 
second. 


90% 


FLEXIBLE 


piston takes a positive position 
for every incoming signal. Repeatability 


1%. 


stroke in as little as 1.0 


positioning is normally linear with 


signal pressure, but any desired relationship may 
be obtained by shaping the feedback cam. 


4"'x 6" HAGAN POWER 
POSITIONER 

Stall torque—400 Ib ft.* 

90% full stroke—1 sec. 

Specification Sheet TP-245 


"With 100 psi power air 


5" x 10" HAGAN POWER 
POSITIONER 

Stall thrust—1950 Ibs.* 

90% full stroke—1.8 sec. 

Specification Sheet TP-1510 


INPUT SIGNAL RANGES —complete selection 
of ranges—-3-15, 0-30, 0-60; others available. 


RUGGED CONSTRUCTION 


insures depend- 


able, long, trouble-free life. 


FULL RANGE OF SIZES—4” to 12” bore 
5” to 48” stroke. Full power for any need. 


ACCESSORIES-—Manual Operators 
limit switches and many others. 


locks 


8" x 14" HAGAN POWER 
POSITIONER 

Stall torque— 4600 Ib ft.* 

90% full stroke—2.5 sec 

Specification Sheet TP-2814 


piston air 


12"=x48"' HAGAN POWER 
POSITIONER 

Stall thrust—11,000 Ibs.* 

90% full stroke—6 sec 

Specification Sheet TP1100 


HAGAN CORPORATION 


HAGAN BUILDING ® PITTSBURGH 30, PENNSYLVANIA 


Boiler Combustion 
Control Systems ® Ring Balance Fiow and Pressure Instruments @ 
Control Systems for Aeronautical and Automotive Testing Facilities 


HAGAN 
HALL 
BUROMIN 
CALGON 


Metallurgical Furnace Control Systems ®@ 
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Mh In the Dallas 


— . 
eam Electric Station 
OF THE DALLAS POWER & LIGHT COMPANY 


Here Are Important Features that 


What Are Your Pump Needs? ‘ 
Keep Operating Costs Low: 


Whether you require boiler feed, condensate, 


circulating or other power plant. pumps — a ; , : , , 
careful study will reveal why more and more @ First stage has twin, single-suction impellers to 
utilities are specifying Allis-Chalmers. Check the give low NPSH requirement for highest efficiency 


design features, the operating advantages, the under fluctuating loads. 
provisions that make a pump easier to maintain, 


or service. You, too, will find it pays to stand- , 
ardize on Allis-Chaimers Power Plant Pumps @ Impellers, mounted back to back, balance axial 
forces without use of balancing drum. 


OR RE RR OE SRP OA EOE 
@ Double volute casing maintains radial balance under 


Complete Unit from One Source 


Allis-Chalmers can supply the complete pumping 

unit—pump, motor and control—of coordinated @Expansion joint and shaft seals are brought to outside 

design and manufacture. You get one responsi ; 

bility—one guarantee of satisfaction of pump where they may be inspected often and worked 
Get complete information on Allis-Chalmers 

barrel-type boiler feed pumps. Call your Allis- 

Chalmers District Office or write Allis-Chalmers, 

Milwaukee 1, Wisconsin, for Bulletin 08B7899 


ALLIS-CHALMERS 
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fluctuating load. 


on easily, if required. 











problems in water-conditioning . . . 


Cochrane — pioneer in 


the versatile Hot Process 


today leads in Hot Lime Zeolite 


e Hot Lime Zeolite Process is one of the most versatile of all RICHFIELD OlL CHOOSES COCHRANE 

oning systems. Combining the advantages of the two most HOT LIME ZEOLITE 

water softening processes Hot Process and Zeolite, the system 
effective on turbid surface supple s or clear well waters View of Richfield Oil Corporation's Hot Lime 

ica economik ally Prov is10n can be m ide for de aeration for Zeolite Softener installed by Cochrane. Effluent 

alkalinity is reduced to 20 ppm hardness to 


e and treated make-up. Cochrane Hot Zeolite units can be 


‘ 

» existing Hot Process Units assur » higher effluent zero silica reduced from 25 down to 3 ppm 

treating costs by eliminating soda Copacity of installation is 50,000 gallons per hour 
! i ' i ng ‘ 


ne "Corporation designs and manufactures compk te lines of 
exchange, precipitation, and water conditioning equipment 
of the Hot Process, Cochrane today continues to lead in Hot 
Consult Cochrane First! 
nformation on Cochrane Hot Lime Zeolite Softeners, 
tion 4801 


Representotives in 30 principal cities in U.S., Toronto, Conede, Paris, France; 
Le Spezic, toly, Mexico City, Mexico; Howane, Cuba; Coreces, Venenvele; 


bon Juan, Puerto Rix Honolviv, Haowon 


Cc Oo R P Oo R A T | Oo N a Metal Products Division—Custom built corbon steel and alloy 


3199 N 17TH STREET, PHILADELPHIA 32, PA 
NEW YORK . PHILADELPHIA . CHICAGO 


Deminerelizers « Hot Process Softeners « Hot Zeolite Sefteners + Dealkelizers + Reactors + De aters * Centinveus Blowefl Systems + Condensete 
Return Systems + Specialties Ad. 2.10 
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Now Available 





New Crane Forged Steel Instrument Valves 


Been looking for an exceptionally rugged, compact, 
and low-priced stop valve for your small hydraulic or 


high-pressure, high-temperature instrument lines’ 

Crane has developed it—sizes 4", %" and %”, in 
both screwed and socket-welded patterns. It’s the all- 
new Crane Forged Steel Instrument Valve, and you 


can specify it now for immediate delivery 
Will Handle Many Services 


Note closely the over-all design and construction 
shown above of this new Crane valve. Oversized stuff- 
ing box — heavy-duty Crane Exelloy stem with integral 
disc — bolted gland — swinging gland eye bolts — outside 
screw and yoke construction—all add up to the high 
performance and low maintenance you want in a valve 






WORKING PRESSURE 
1500 psi. at 850° F. 
Telelom Time Meme 


for your instrument panels, orifice meters, bypass and 
gauge lines, regulator leads, and other hydraulic and 
bigh pressure/temperature lines 


Literature on Request 


These rugged, low-cost stop valves are built for 1500 
psi. at 850° and 6000 psi. W.O.G. Construction and 
materials are job-engineered by Crane experts— backed 
by a century of quality manufacturing, matchless ex- 
perience. You'll want complete information on the all- 
new Crane Forged Steel Instrument Valves. Contact 
your Crane Representative, or write to Crane Co., 
General offices, Chicago 5, Illinois—Branches and 
Wholesalers serving all 
industrial areas 


ter ai 


CRANE CoO. a 


VALVES ° FITTINGS ° 


14 


PIPE 
KITCHENS © PLUMBING «© HEATING 


CRANE’S FIRST CENTURY...1855-1955 
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UNCERTAIN OPERATING COSTS BOTHER YOU ? 


depend on 
the only 


You'll win in the long run by burning ; 
Bituminous! Today and tomorrow, \ 
% ” 


4 


supply is unlimited and the vast 
reserves are right on the threshold of the “ 
major manufacturing centers. = 


Bituminous, too, has the highest ge 


potential for cost improvement among 


competing industrial fuels. Year in 
and year out new methods and machines 
are designed to control costs 


and improve burning efficiency. 


Let B&O’s Technical Service fit this fuel to 
your long range power plans. 
Ask our man! 


COAL TRAFFIC DEPARTMENT 
BALTIMORE & OHIO RAILROAD 
Baltimore 1, Maryland 

Phone: LExington 9-0400 


‘, ' ys A 
i § A d : .f FA 


BITUMINOUS COALS FOR EVERY PURPOSE 
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LOOK CLOSELY, and you'll see that these Vulcan Long 
Retracts at St. Clair Power Plant are mounted both right 
side up and upside down in order to nest them together in 
minimum aisle space. This flexibility is one of the big ad- 
vantages of Vulcan Long Retracts. Long Retracts, and the 
Vulcan Wall Deslaggers shown in the smaller photo, right, 
are operated automatically and remotely from the boiler 


control room. 


A GLANCE AT THIS PANEL tells the operator which 
blowers are operating. He can keep track of the entire 
blowing sequence by watching indicating lights on the 
boiler diagram. Four B&W ceal-fired steam generators are 
installed at St. Clair Power Plant. Each is rated at 1,070,000 
pph, at 2050 psig and 1000 F. Vulcan Automatic-Sequential 
Soot Blowing is used on all four units. 
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wi pside Down 


Vulean Soot Blowers clean efficiently 


at ST. CLAIR POWER PLANT 
Detroit Edison Company 


rPXAKE A LOOK at the big picture. Have you 

| ever seen soot blowers nested so neatly to- 
gether in such a small space? Have you ever be- 
fore seen soot blowers operating upside down? 
These are Vulcan Long Retracts. 

Vulcan Long Retracts save space outside the 
boiler, and require little space inside the boiler. 
The small-diameter lance fits easily into a pass 
with only four inches clearance. 

Dual-motor drive on these Vulcans—one motor 
for traversing, one for rotating the lance—assures 
optimum cleaning. The high power cleaning jet 














takes a different path each time it operates . 
therefore, cleans all surfaces uniformly. 

These Vulcans are part of a complete Vulcan 
Automatic-Sequential Soot Blowing System at 
St. Clair Power Plant. All blowing is automatic. 
Just push a button, and the blowers operate in 
sequence, each for the proper length of time for 
thorough cleaning. This automatic system saves 
time, saves labor . . . and it is simple. 

If you need manual, semi-automatic, or com- 
pletely automatic soot blowing for large, medium- 
size, or small boilers, write for complete facts. 


TACT Roy. || 
Qutomralie 
SOOT 
BLOWERS 








[eontinenrar rc 


ERIE 4, "PENNSYLVANIA 


Soot Blowing, Boiler Feed Water Regulation, Combustion Control, 
Complete Boiler Control from one reliable source. . 
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What makes 
a barrel-type 
boiler feed pump 


stay in 
service? 


Here are some of the design features that assure dependability 


Today's modern multi-stage centrifugal pumps for boiler 
feed service are the result of years of research and design. 
To provide efficient service plus dependability, De Laval 
has incorporated these important features in its barrel- 


type pump 
Double Volute Diaphragms 


Double volute diaphragms provide for radial hydrauli 
balance and assure a continuous rising head characteris- 
tic from the design point to shut-off. RESULT—Higher 
e fc iencies are maintained over a wider range of operation 
than are generally obtained with other jorms of velocity 


pressure conversio;n. 


Individual Diaphragm Bolting 

Elimination of rabbet fits and gaskets permits straight 
metal-to-metal contact of adjacent lapped faces of the dia- 
phragms which are individually bolted together to main 
tain tight joints and ease of assembly. RESULT—Positive 
assurance against inner case leakage, complete elimination 
of misalignment causes and a minimum o} distortion Jrom 


sudden temperature changes 


Positive Sealing Between Suction 

and Discharge Chamber 

Inner assembly is held at the inner high pressure joint at 
the suction end of the barrel, against a flexitallic gasket, 
with through bolts. The joint between the suction and dis- 
charge chambers is made tight during assembly—remains 
tight whether pump is operating or idle. RESULT—No 
possibility of leakage or gasket loosening due to changes 


of force on the inner joint. 


Bare Shaft 
Bare shaft construction with split ring-shrink fit method 


18 


of impeller mounting permits a scalloped shaft design and 
eliminates the need for spacer sleeves between impellers. 
RESULT 


impeller and elimination oj spacer sleeves the greatest 


Better hydraulic conditions at the eve of the 


cause of shaft warpage. 
Wearing Rings 

Diaphragms and impellers have renewable wearing rings. 
Impeller rings are threaded on the impeller hubs against 
rotation, and diaphragm rings are held py a breech lock 
fit in the diaphragms. RESULT 


renewal of original clearances without major part renewal 


Construction permus 


or modification. Labyrinth type diaphragm ring results in 
mintmum leakage over a longer period of lime than with 


close clearance flat rings. 


IMO Oil Pump 
A De Laval IMO pump designed for high speed operation 
is direct-connected to the outboard end of the barrel pump 
shaft, and is sized to lubricate both pump and driver bear- 
ings. RESULT 


ment IMO pumps, assures positive lubrication and elimi- 


utet, pulsation-free, positive displace- 


nates the need of extra shajt length and mechanical com- 


plications required by gear drive lube oil pumps. 


BULLETIN CONTAINS HELPFUL DATA 
This De Laval bulletin on the 


barrel-type boiler feed pump covers 
all major design points . . . has 
cross-section cut-away illustration 
for easy reference. Write on your 
business letterhead for your copy 
of Bulletin 1506 to De Laval Steam 
Turbine Company, 886 Nottingham 
Way, Trenton 2, New Jersey 
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Detroit saves SYRACUSE UNIVERSITY, N. Y., buile a completely 
27 new unit for maximum economy and dependability. 


DuPONT’S Barksdale, Wis. Works saves $7,000 a HUDSON MOTORS’ modernized plant in 
year with new automat combustion controls, $480,000 a year—cuts powerhouse labor 2 


For efficiency...for economy... 


Er y ' ; ¢ 
Lai te } F 
a - ~ — 
= oe Oe ad ed 
less than mext cheapest fuel sz MoTor Propucts Corp. of Detroit, Michigan, 
saves $54,000 a year with modernized installation 





AT STAUFFER CHEMICAL’S new plant in Louisville, Coal costs 29.6 
Ky., total cost of stear only GO¢ per 1,000 Ibs ADDRESSOGRAPH-MULTIGRAPH'S plant in Cleveland 


more and more firms 


Efficient new equipment reduces labo At LAKEWoop HosPiTAL, in Lakewood, UPJOHN'S new Kalamazoo, Mich 


Ohio, new automatic coal burning facil plant is clean and efficient with no 


and improves performance record 
LIGGETT & MYERS at Richmond, : ities cut fuel costs 22% dust or smoke nuisances 


are burning coal the modern way 


Chicago's ultra-modern Pr GOODYEAR saves $3,000 a day with 
BUILDING has f automatic cos new coal-burning installation § at 


handling and burning system Akron, Ohio 
acts you should know about coal 





@ In most industrial areas, bituminous coal is the lowest-cost fuel 


available 


@ Up-to-date cool burning equipment can give you 10% to 40% 
more steam per dollar. 

@ Automatic coal and ash handling systems can cut your labor 
cost to o minimum. 

@ Coal is the sofest fuel to store and use. No dust or smoke 


problems when coal is burned with modern equipment 

@ Between America’s vast cool reserves and mechanized coal pro- 

duction methods, you can count on coal being plentiful and its 

price remaining stable. 
For further information or additional case histories 
showing how other plants have saved money burning 
coal, write to the address below. 

NATIONAL COAL ASSOCIATION 


Southern Building, Washington 5, D. C. 








e are no cold spots and less 
corrosion 

in the 
Ljungstrom* 
Air 
Preheater 





In the Ljungstrom, the heat-transfer surface 
rotates alternately through the gas and the air 
streams . . . keeping heating elements 
consistently hotter than other types in 
equivalent service. That’s why there are no 
cold spots . . . and less corrosion 

in the Ljungstrom. 


Even though corrosive action is slow, some 
does take place at the cold end of the 
Ljungstrom. This presents no problem, since 
the cold end is sectionalized to permit 

easy reversal and almost double life. 
Reversing or replacing the cold end does not 
disturb the rest of the elements and 

takes just a few hours. 











Get all the details on the 

Ljungstrom Air Preheater. Send for the new, 
free, 38-page reference manual, 
“Ljungstrom Air Preheaters.” 


DT TT TT 


rs | 
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Advantages of the Liungstrom Alr Preheater 

* Size for size, recovers more heot than any 
other type. 

© Red fuel pti Permits use of 
lower-grade fuels. increases boiler output 
ond reliability. 

* Eliminotes cold spots . . . keeps corrosion 
te @ minimum. 

* Easier, foster to clean and maintain. 

* Requires far less supporting steel and is 
quickly erected. 





The Air Preheater Corporation 60 East 42nd Street, New York 17, N. Y. 
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¢ Rome 
burned up! 





GRAVER 














Has that man gotten 
lazy? All he does is sit 
and watch the gauges. 





The more he sits on his chair, the better I 
like it. It means the steam pressure is where it 
should be and everything is fine and dandy. 


He used to be 
jumping around like a 
monkey on a hot stove. 





That was before we got wise and changed 
our coal. 


— 


“it What kind of coal 


are we using now? 





It’s a high quality, low ash coal produced on 
the Chesapeake and Ohio. The C&O coal man 
recommended the exact grade best suited to our 
type of furnace. It burns hot and clean, with 
practically no smoke or clinkers and very few 
ashes. I’ve learned there’s a lot more to buying 
coal than merely the price per million BTU’s. 
It takes a competent combustion engineer to 
weigh all the factors and pick the coal that will 
give the most economical operation under a 
given set of conditions. Those C&O people really 
know their coals and I’m listening to their 


‘ advice from now on. 


“PG; 

j , ’ 

; ? 

ed 
. 


* 
—— 
There's a lot more to buying coal than Cc 
ones ere ewes Chesapeake and Ohio Railway 
solve your particulor fue requirements, 
write to: R. C. Riedinger, Genera! Coal 
Traffic Manager, Chesapeake & Ohio : 
Settee itn tering? toueh WORLD'S LARGEST CARRIER | OF BITUMINOUS COAL 
Cleveland 1, Ohio. 
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one of these 


S gages 


FOT-Gage for furnace pressure or fuel flow — air flow indication 


OT- Recorder 


D-Gage for commercial, institutional boilers and industrial furnace: 


Avtomatic Combustion Control 
Boiler Panels * CO, Recorders 
Verifiow Meters ond Veritro! 

Ges Anolyzers * Droft Goges 


, Combustion Test Sets 
Whether you need a draft gage for the largest steam gener- Electronic Oxygen Recorders 


ator, or a small portable gage for spot checking pressure 7m Electronic Flowmeters 
conditions, first or last, it will pay you to talk to Hays, be 
manufacturer of the most complete line of draft and low _ THE Miniature Remote indicators 
pressure gages. 
Functional in styling, Hays gages have the features in- 
strument men have always asked for—easy to read, acces- 
sible and extremely dependable. 
The heart of all Hays low pressure gages is a diaphragm 
housed in cast metal. Diaphragms are easily replaceable in 
the field. 
All Hays gages are guaranteed to withstand at least 100° 
over range without failure! 
Why not talk to the people at Hays about low pressure PORATION 
gages for your applications—or write for complete details: 
Bulletin 54-667-8. MICHIGAN CITY 1, INDIANA 


Electronic Feed Water Controls 
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WHEREVER HEAT, LIGHT OR POWER IS NEEDED 


OLD BEN COAL, 


Old Ben Coal is prized by “chiefs” of many Midwestern 

steam plants as a prime producer of low cost steam. 

And there are sound reasons for its high rating. The high quality, 
ideal steaming characteristics, and trouble-free storage 

ability of Franklin County coal are legendary with 

these men who know coal best! 

Consider, too, Old Ben’s substantial productive capacity 
...enormous reserve acreage...refineries of latest design... 
nearness to market! A consultation with an Old Ben engineer 
on your energy requirements might well be indicated. 


ACCESSIBLE TO RAIL-WATER TRANSPORTATION 


OLD BEN CGAL CORPORATION 
CHICAGO 4, ILLINOIS 
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EIGHT YEARS OF CONTINUOUS USE 


ax” silicon carbide burner rings have 


ntinuous use since they were installed in 


a Type VE Combustion Engineering coal-fired boiler 


I 


il} 


rings | 


I 


u 


2800 | 


n 1947. 70% of the original ring segments are still 
the first and only replacements were made 
i. In their eight years of steady service, the 
ve held slag troubles to a minimum. They 
lave required no maintenance other than pointing 
p during regular annual shutdowns in spite of 


radiant heat tn the ring area. 


Carbofrax” burner rings take brutal punish 


ment. They won't soften—even at extreme temper 
atures. Slag can't fuse to their hard, dense surface. 
Abrasion has no more effect on them than heat 

If turnace maintenance is one of your problems, 
you'll want to read our 32 page booklet, “Super 
Refractories for Boiler Furnaces”. Write us for your 
free copy today. Address Dept. E95 Refractories 
Division, The Carborundum Company, Perth 


Amboy, New Jersey. 


CARBORUNDUM 


Registered Trode Mork 





HEAT ee 


ASSURES PROPER TOUGHNESS, DUCTILITY, AND STRENGTH 
IN PIPING FOR HIGH TEMPERATURE, HIGH PRESSURE SERVICE 


Heat treating and stress relieving at Pitts- sign. Time-temperature conditions can be 
burgh Piping are operations which produce electronically controlled in it for proper heat 


a uniform grain structure, assure consistent treatment of each type of metal. 
mechanical properties, and remove residual This heat treating procedure is assur- 
stresses throughout the length of each fab- ance that piping fabricated by P.P.&E. will 
ricated piping assembly. have the most desirable combination of 

P.P.&E.’s modern gas-fired furnace, illus- ductility, toughness, impact resistance, and 
trated above, is a specially-developed de- strength. 


PROOUCTS AND SERVICES . . . OFFICES IM PRINCIPAL CITIES 
Carton Stee! Piping = Forged Pipeng Mater ais . we ~~ . “9 
Cast tron Fittags meoders - genau we - 
Cast Stee! Fittings Man toids - Pub mere 6 ; 
. oe rte bone 
. jes th Alexe Ave 
. , . ‘ 


Crrome Mtety Prpeng «Pipe Bends 


— AND EQUIPMENT COMPANY 
Welded Assempiies 158 49th Street — Pittsburgh, Penna 
Weided Staniess Stee! Tubing 

Weiding Fittings “ “ ‘ P mo ‘ 











HAM 
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POWELL VALVES...THE COMPLETE QUAL! | E...POWELL VALVES 


LINE 


COMPLETE QUALITY 


THE 


FIG. 3003 WE—Stee! Gate 
Valve For 300 Pounds W.S.P. 


0 
w 
> 
ie 
q 
> 
4 
- 
w 
3 
ie) 
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COMPLETE QUALITY LINE 


. THE 


FIG. 11365—Steel Pressure 
Seal Horizontal Lift Check Valve 
For 1500 Pounds W.S.P. 


ALINVNO BLSBIMGNWOD 3H) 


SININ 


FIG. 11323—1500-Pound 
Motor Operated Steel 
Pressure Seal 

Gate Valve 


FIG. 1314-A—1500-Pound 
Integral Bonnet Steel 
'Y” Valve 


“3NID ALIIVNO SBLSIM@IWOD 3HiL*** SSAIVA TIBAMOd**- 


POWELL VALVES...THE COMPLETE QUALITY LINE...POWELL VALVES 


Wherever flow requires dependable control, there’s the place 
for Powell Valves. Powell can supply just the valve you need, 
for Powell probably makes more kinds of valves and has solved 
more valve problems than any other organization in the world. 

Shown above are just a few Powell Steel Valves. Investigate 
their many outstanding features .. . and the complete line of 
quality valves famous for dependable service. 
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Consult your Powell Valve distributor. If none is near you, 
we'll be pleased to tell you about our complete line, and help 


solve any flow control problem you may have. Write... 


re cincinnati 22, nie... 109" Year 


27 













SEND FOF iS 32 PAG 
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Multiclone can be 
raked erty whe les ene! 
dhe outlet Geet. gree 
wan wline wetallaten, 
hal fecperes © Wettheremne. 22 
bo 16 AND INFOR ACR am 





This booklet shows... 
MULTICLONE’S SPACE SAVINGS... How the Multiclone 
requires less squore footage, less cubic footage than most 
other equipment of comparable copacity and performance, 
thus saving costly plont space! 


MULTICLONE’S ADAPTABILITY... How the Multicilone 
is more adaptable to varying inlet-outlet requirements — to 
varying space limitations — and is simpler to insulate, thus re- 
N° MATTER whether you are now using mechanical ducing installation costs | 

dust recovery equipment or are planning the in- MULTICLONE’S EFFICIENCY... How Multiclone’s multi 
stallation of such equipment at some future date, here is 
a booklet chat is full of helpful and valuable information 
on centrifugal dust recovery. It not only explains the basic 
methods and principles involved, but also shows the im- 
portant differences between small and large diameter 
separating tubes, shows how to simplify your duct work MULTICLONE’S LOW MAINTENANCE... How the Mul- 
and reduce installation costs, and outlines many other ticlone has no high speed moving parts to repoir or replace, 


ple smal! drometer tubes, made possible by its exclusive vane 
design, give higher centrifugal forces and more complete 
cleansing of oll suspended porticies—even small ones of 10 


microns and less! 





important factors to be considered in selecting mechanical 
dust recovery equipment 

In addition, this informative booklet illustrates and 
explains how MULTICLONE’S unique vane design is fun- 
damentally different... how it makes possible greater com- 
pactness, simpler installation, high recovery of the small 
particles as well as the medium and coarser ones, and 
many other facts on MULTICLONE advanced design. 

A limited supply of these booklets is available for 
free distribution to those interested in mechanical recov- 
ery equipment and methods. Write for your copy today. 


NOW SELLING... 





i all parts of the U.S.A. and foreign countries. 


no pods or filters to clean or renew, nothing to choke gas flow 
or increase droft losses as suspended moterials ore recovered 
Multicione draft losses remain uniformly low--recovery effi- 


ciencies uniformly high—at all times! 


Moke sure thet « copy of this helpful booklet is in 
your reference files by sending for your copy now! 
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ee SERS ONO MANUFACTURERS OF HQUTEMEYT Foe 
CRELEOTION OF SCRE SUED HATER). Ls FROM Cane @ Layette 





Mein Offices TORPWEST NINTH STREET LOS ANGELES 15. CALIFORNIA 
CHRYSLER BLDG. NEW YORK 17 © | NW Le SALLE ST BLDG. CHICAGO 2? 
3252 PEACHTREE 20 NE ATLANTA 5 © HOBART BLOG. SAN FRANCISCO 4 
PRECIPITATION CO OF CANADA LTD. DOMINION SQ. BLDG. MONTREAL 
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COMBUSTION ENGINEERING 
ADOPTS YARWAY SEATLESS 
BLOW-OFF VALVES FOR 
PACKAGE BOILERS 








Combustion Engineering, Inc. on this package boiler 
installation at the Orangeburg Pipe Plant in California, 
again includes Yarway*~ less Blow-Off Valves 

as part of the “package 


It's a popular idea—and growing fast. All good package-type 
boiler installations are better when equipped with Yarway 
Seatless Blow-Off Valves. 


More and more boilermakers are standardizing on Yarways, 
and more and more boiler users are expecting the advantages 
of Yarway Blow-Off Valves on their package units 


Get the full story on why more than 15,000 boiler plants use 
Yarway Blow-Off Valves, some for 30 to 40 years 


YARNALL-WARING COMPANY Yorway Type "8" Seatiess Tandem 

' / . Blow-Of Vaive. Nete belanced 

100 Mermaid Avenue, Philadelphia 18, Pa sliding plunger design with ne 

Brancu Orrices tn Principat Crries om te score, weer, clog or leek. 
ressures te 400 psi 


BLOW-OFF VALVES 
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IDENTIFICATION DISC: An cluminum mork- 
tng clote on of! Wolworth No. 2275P's facili- 
fates inventory contro! ond mokes reordering 
@vuickt ond positive 





NEWLY DESIGNED HANDWHEEL: Potented 
er cooled, finger-fit hondwhee! affords sure 
erie even with greesy gloves 





IMPROVED PACKING: Molded pocking of 
tvbricoted asbestos reinforced with copper 
wire. Sviteble for proctically every service 
Volves con be repoecked under pressure when 
fully epered 


HEXAGONAL UNION BONNET 
CONNECTION: Union bonnet 
parection eliminates any chence of dis 

tertion eo, leokege even though volve is 

repectediy token apart and recnmembied 





EXTRA STRONG BODY: Mode of Compose 
then M (ASTM 86!) bronze. Thick wolls and 
rveeed hexes provide a high safety foctor 
Velves wnderge ydrostetic shell ted of 
1,200 ps 




















take a good look 
at the Walworth 


o ed 


Ce S— 
no. 225P Globe 


- the Toughest Bronze Valve Your Money Can Buy 


The stainless steel, corrosion resistant seats and discs are heat treated t@ a 
hardness of 500 Brinell — hard enough to scratch glass and crush nails! he 
valve can be closed on sand, slag, and pipe scale without injury to the seating 
surfaces. “Wire drawing” is practically eliminated. All parts are accurately 
machined and gaged. Years of tight, positive shut-off are assured. 

Available in both globe and angle types (angle type: No. 227P) in sizes 
¥,” to 2”, this quality valve is recommended for 350 Ibs. W.S.P. at 550 F, 
and 1000 Ibs. non-shock service on cold water, oil, gas, or air. 

For full data on this long-life, economical Walworth Bronze Valye, see 
your local Walworth distributor, or write for Circular. 






SEATS AND DISCS: Pivg type seots ond discs 
of steiniess steel, heot-trected te 500 
Brinell herdness ond machined si muitene- 
ously to @ mirror-like finish, with eccurcte 
topers assures tight positive shut-off with 
minimum hondwheel effort 


OVERSIZE STEM 
The high-tensile strength 
silicon-Dronze stem ossures 
tong life and protection 
ogo:nst weor 


WALWORTH 


valves and fittings 
60 EAST 42nd STREET, NEW YORK 17, N.Y. 


DISTRIBUTORS (8 PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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Bartlett-Snow 
coal handling 








at Hutoon ville, 


@ There have been many changes at Hutsonville, all engineered by 


Bartlett-Snow to Sargent and Lundy specifications,— the equipment fabri- 
cated in our shops and installed by our erectors. The first installation in 
the small, original plant (view at right) consisted of 24”’ belts with capacity 
of 150 tons per hour. This system was then increased to 200 tons per hour 
capacity. More recently for a large new plant addition we have added an 
entirely new system with storage conveyor, weightometer, crusher and 36 

belts with 400 tons per hour capacity. These new conveyors were installed 
directly on top of the original conveyors, that continue to serve the origina! 
building, and tied into the first system without shutting down the plant for 
even an hour. For fixed responsibility that insures the highly efficient, syn- 
chronized operation of the entire system as a unit, low maintenance and low 
operating costs, let the Bartlett-Snow coal handling engineers work with 


you on your next new plant, modernization or plant extension program! 


DESIGNERS 


“Builders of Equipment for People You Know” 


General View of Hutsonville Power Station 
Central Hlinois Public Service Ce. 
Sargent and Lundy 
Consulting Engineers 


View of the Original 50,000 KW Station Showing 
the 150 Ton/Hr. Coal Handling System 


View of Distributing Belt, Belt Tripper end Dust 
Tight Bunker Seal in New 100,000 KW Addition 





Specify J-M Superex, 
industry's favorite block insulation 


Made trom diatomaceous silica and asbestos 
for all temperatures to 1900F 


ou'Li greater insulation 

savings with Superex®. Its unique 
combination of low conductivity and 
outstanding resistance to high temper- 
atures provides greater operating effi- 
ciency and longer maintenance-free 
service. That's why Superex is the lead- 
ing block insulation for furnace work 


ENJOY 


Light and easy to work. Superex with- 
stands temperatures to 1900F indefi- 
nitely with negligible loss of efficiency 
and is so strong that it compresses 
only %& inch under 6 tons’ pressure per 
square foot. Its light weight, excellent 
working properties and availability in 


5 Johns-Manville 


large blocks mean quick, easy, low- 


cost installation 


For high temperature equipment. 
Since its introduction in 1927, Superex 
has received enthusiastic acceptance 
Today it economically insulates 90° 
of the country’s hot blast stoves 
Other high temperature equipment 
where Superex has proved its supe- 
rior performance include most types 
of industrial and metallurgical fur- 
naces and Stationary and 
marine boilers, regenerators, kilns, 
roasters, high-temperatuye mains, flues 
and stacks 


ovens, 


~ 


Saves waste—Superex comes in standard thick- 
nesses from 1” to 4’’. Other sizes available on order 





For further information on Superex, write to 
Johns-Manville, Box 60, New York 16, N. Y 
In Canada, Port Credit, Ont. 


‘ INSULATION 


MATERIALS “ENGINEERING - APPLICATION 
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Precipitator pilot plant, Verone Research Center of Koppers Company, inc. 


Why Koppers Electrostatic Precipitators work so well 


The answer to why Koppers Electrostatic Precipi- 
tators work so well is to be found in the sound engi- 
neering principles followed, from the project stage 
right through to actual installation application 
engineering know-how.” 

The wealth of experience gained over the years in 
designing and building equipment for cleaning gases 
provides the basis for such “know-how.” In addition, 
foreign installation and engineering data is available 
to Koppers engineers through special agreements . 
Koppers experts are kept up-to-date on new process 
developments on a world-wide basis. 


Koppers also has extensive laboratory facilities to 


of 
KOPPERS 
- 


eration 


Name 
METAL PRODUCTS DIVISION + KoOPPrERs 
COMPANY, INC. + BALTIMORE 3, MoD 
vinon also supples industry with 
Fast's pings, Americon Hommered industria! 
Piston & Se 9 Rings, Aeromoster Fans, Gos Ap 
porotus Engineered Products Sold with Servi 


Company 


Address 


This Koppers OD 
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analyze plant processes and problems in industrial 
gas cleaning. It has pilot equipment and competent 
personnel to conduct conclusive tests. 

It’s this knowledge, this experience, these facilities 
that make for satisfactory service . . . service for which 
Koppers has long been famous. 

Next time you have a gas cleaning problem, remem- 
ber that every problem is different, every problem 
contains variables which must be correctly analyzed 
solution is reached. So it will 
. the company with 


before a satisfactory 
pay you to consult Koppers.. 
application engineering “know-how.” Mail this coupon 
for additional information. 


ELECTROSTATIC PRECIPITATORS 
| 


KOPPERS COMPANY, INC., Electrostatic Precipitator Dept., 299 Scott S1., Baltimore 3, Md. 
Gentlemen: I am interested in an analysis and recommendations for my op- 


I understand I am under no obligation 





How to Insure Positive Drainage of Purifiers, 
Large Separators and Other Big Units . . . 


Automatic, dependable drainage of 
steam drier in industrial power plant 
with Armstrong compound steam trop 


@ When you run up against a 
carryover or condensate load too 
large for ordinary traps to handle 
safely, Armstrong Compound 
Steam Traps are an ideal answer. 
They provide automatic, depend- 
able drainage of loads up to 
240,000 lbs/ hr at 600 lbs. pressure. 
They have been thoroughly 
proved in service on purifiers, 
separators, driers, storage type 
hot water heaters, evaporators, 
vacuum pans and other large 
units. 

Exceptionally high capacity 
in a relatively small trap is 


APPI 


accomplished by a large piston- 
operated discharge valve con- 
trolled by a standard Armstrong 
inverted bucket trap mechanism. 
Cast semi-steel and forged steel 
models are available with 1", 2° 
and 3” pipe connections. Size, 
price, simplicity of mechanism, 
quality of materials and ease of 
installation are all in their favor. 


ASK FOR BULLETIN 215 


contains complete physical 
deta, prices and installation 
notes. Call your local Arm- 
strong Representative or 
write: Armstrong Machine 
Works, 814 Maple 5St., 
Three Rivers, Michigan 


ARMSTR 


@.3ie) mas 


STEAM TRAPS 
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Groceries ...miracle of BRICK 


ins, gleaming bottles, eye-catching cartons riding in the cart—not a 


one of them would be there were it not for refractory brick. Brick that makes steel 
it makes glass. Brick that makes paper 


ng that’s made and everything that’s moved starts with refractory brick 
1 or another, lining the furnaces of industry. The requirements are 


inite in variety 


ie the truly complete refractory service that industry needs, 
Refractories employs the world’s largest refractories research laboratory 
iterials across Oceans; manufactures in plants strategically located to 


ljustry swiftly . . . dependably economically .. . everywhere 


GENERAL REFRACTORIES COMPANY, Philadelphia 2 








FOR STEAM GENERATION .. . First quality fireclay brick plants 
strategically located across the U.S. 
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Research-Cott 





makes both 


The choice of a straight precipitator or a combination 
mechanical-electrical precipitator for fly ash recovery de- 
pends on many factors—size and composition of the fly ash, 
efficiency desired, space available for the equipment, initial 
ete 

\\ h stever your fly ash proble m you can be sure of unbiased 
recommendations from Research-Cottrell, because we offer 
both types und have done so for many vears 

The cutaway drawings on the next page show several de- 
sign features of both the straight Cottrell precipitator and 
the combination mechanical-electrical precipitator offered 
»y Research-Cottrell 

These basic designs, as well as Research-Cottrell’s custom 
engineering of each installation, are backed by over 40 
years experience and over 500 fly ash collectors. For more 
details on this equipment write for Bulletins GB and FA. 
Precipitator is designed and constructed for many years of 


heavy-duty, all-weather service 


RESEARCH -COTTRELL,INC. 


A Wholly Owned Subsidiary of Research Corporation 


Mein Office and Plant: Bound Brook, N. J. © 405 Lexington Ave., New York 17, N. Y. © Grant Building, 
Pittsburgh 19, Pe. © 228 N. Lo Salle St., Chicego 1,1. © 111 Sutter Bidg., Sen Francisco 4, Cal. 

















DJEosy access to high tension 
equipment 


EANo moving parts in gas stream— —___. 
minimizes maintenance. 


provide quiescent zones and 
prevent re-entrainment of col- 
lected dust. 


CJcompact double-deck mechan- 
ical collector (patented) provides 
large capacity in a small area 


[J Double-deck mechanical col- ne 


lector design insures even gas 
distribution at precipitator inlet. 








EB Continuous, automatic dis- 
charge electrode rapping insures 
optimum performance. 


EB Hook-type collecting electrode 
hangers, quickly installed, 
insure uniform distribution of 
rapper vibration throughout 
entire collecting surface. 


E} Rapping puffs prevented by 
automatic and continuous 


cleaning of collecting electrodes 
with Magnetic Impulse Rapper 
(patents pending). 


CyPiumb-bob discharge elec- 
trodes are individually weighted 
and positioned by a steadying 
frame for maximum efficiency. 


Eqxopper baffle prevents gas 
sneakage around electrodes. 


COMBINATION 
MECHANICAL- 
ELECTRICAL 





FOR STEAM CAPACITY 


choose your boiler 


Whatever your fuel... whatever your steam 
capacity requirements up to 60,000 pounds per 
hour — you'll find one of the C-E Boilers shown 
here will be just right for you. 

If you burn oil or gas, investigate the VP Pack- 


Specifications — VP Boiler 


Capacity — 4,000 to 40,000 pounds of 


steam per hour 


Pressures — Up to 500 pounds per 


square inch 
Fuel — Oil or gas 
Erection — Completely shop-assembled 


Foundation — Simple concrete slab 


ay | 


ma 
+ EV 
a BP / THE VP BOILER 


The C-E Package Boiler, Type VP . . . completely 
shop-assembled .. . for oil or gas firing. The VP 
Boiler has more water-cooled area per cubic foot 
of furnace volume than any other boiler of its size 
and type. The large (30-in. diameter) lower drum 
permits a simple, symmetrical, tube arrangement... 
greater water storage capacity ... easy access for 
washing down or inspection. A low-speed, centrifugal 
fan which is exceptionally quiet in operation, is 
standard equipment. Baffle arrangement is simple, 
resulting in low draft loss ... simple soot blowing... 
high heat absorption. The unit is pressurized... 
has welded, gas-tight, steel casing . . . requires no 
induced-draft fan. Write for Catalog VP. 
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UP TO 60,000 POUNDS 


from these two 


age Boiler for capacities up to 40,000 pounds per 
hour . . . the VU-10 up to 60,000 pounds. 

For stoker firing, the Combustion VU-10 Boiler 
is available in capacities from 10,000 to 60,000 
pounds of steam per hour. 


Specifications — VU-10 Boiler 


Capacity — 10,000 to 60,000 pounds of steam 
per hour 


Pressures — Up to 475 psi 
Temperatures — Superheat available if desired 


Heat Recovery — Economizers, air heaters 
available if desired 


Fuel — Coal (C-E Spreader, Traveling Grate or 
Underfeed Stoker); oil or gas. 





Erection — Field erected 
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Avenue 
THE VU-10 BOILER ‘ LILLI LALLY 
— 


The VU-10 Boiler is designed for industrial 
load conditions, particularly for plants with 
small operating and maintenance forces. Fuel 
can be either coal, oil or gas. This boiler is a 
completely standardized design adaptable to 
many conditions. It responds readily to varia- 
tions in load; it is simple to operate and 
maintain. All parts are easily accessible for 
inspection. Like the VP, the VU-10 Boiler 
is a complete unit boiler, furnace setting, 
fuel-burning equipment, controls. forced draft 
bringing you the benefit of one contract 
one guarantee one responsibility. Write for 
Catalog VU-10 


SONLERS, FUEL BURNING & RELATED EQUIP- 
MENT, PULVERIZERS, AIR SEPARATORS & FLASH 
DRYING SYSTEMS; PRESSURE VEJSELS; AUTO- 
MATIC WATER HEATERS; SOIL PIPE. 
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Electrode Breakage is no problem 
in Buell “‘SF’’ Electric Precipitators 


Buell Cyclones offer two “extra-efficiency” 
advantages: (1) exclusive shave-off which 
harnesses double-eddy and puts it to work, 
and (2), large diameter design which 
eliminates clogging. 


Besides eliminating efficiency drops and “shutdowns” due to electrode 
breakage, Buell’s unique Spiralectrode permits higher and more constant 
emission, extra efficiency. Also, Continuous Cycle Rapping—another Buell 
exclusive—keeps electrodes constantly clean for maximum performance! 


For more specific data 

about Buell’s extra efficiency, 
write Dept. 701, 

Buell Engineering Company, 

70 Pine Street, New York 5, N. ¥ 


Buell’s Low Resistance Fly Ash Collector 
combines top efficiency with low draft 
loss, for natural or forced draft installa- 
tions. Ideal for boilers from 100 to 
2000 BHP. 


secracat Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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The Walsh-Healey Actin the Coal 
Fields 


On August 6 the U 
a set of minimum wages to be adopted under the Walsh 
Healey Act in the twenty-two coal producing districts 
Che Walsh-Healey Act, if you remember, applied to gov 
ernment contracts in excess of $10,000. The Secretary 
of Labor, James P. Mitchell, under the terms of this act 
has proposed from $1.40 te $2.346 an hour as a range for 
minimums in the coal fields. Included in this set 
of wages is one for $2.245 an hour for the mine districts 
embracing Pennsylvania, Maryland, West 
Eastern Kentucky, Virginia, Eastern Tennessee, Ohio 
and Illinois, which we are told, supply four-fifths of the 
total U.S.A. coal production 
course, 
these minimums and as to how 
Interested 


S. Department of Labor proposed 


wage 


Virginia, 


There are ot considerable definitions as 


to whom is covered by 
they are met in the case of tonnage workers 
parties can submit within thirty days their exceptions 
to the 


Che coal 


propose d decision 


industry feels that the Government has 
position where it must dictate rules 


itself The 


1ent has assumed by this minimum wage 


put itself into 


of behavior for contention has been made 
that the Govern: 
1 responsibility of seeing that its buying 
rhe revisions such, the 
industry feel that the federal 


instructed to pay the producer's average cost, 


action the mor 
must be 


vised 


poli 1?S are re 
coal buying agencies 
will be 
at least 


, reasonabk profit for each ton of coal 
they buy 


Prior to this U. S. Department of Labor 
vernment could take the that it 
for the coal industry's costs. Today 


decision the Gr stand 


was not responsible 
minds of the coal 


effect a 


there is room for question and 1n the 


has established in 


ol coal 


industry the Government 


floor under the price 
Whate' 


ot federal 


er the in regards to the implications 


utcome 
has cause for 
that the 


begun to 


price-fixing the coal industry 


has only been of very recent date 


ncern It 


country tremendous prosperity has seep 


through to this important segment of the economy 
lelay The 


nerating industry, dependent as it is on 


\dded cos will this strengthening action 


entire po 
the fossil ft which coal is by far the major represent 
l ind the rulings 


will foll closely the discussions 
Certainly any 


ative, 
on th yplication of these minimums 
to establish a rigid price structure o1 
thinking on the 
field's 


will 


step whicl 
basic fuel can influence the ipplication 


of this meet the needs It 


power 
sides of the problem 


rh airing 
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International Exchange of 
Information 


In this issue of COMBUSTION the reader will find tech 


nical information boiler circulation studies 


made in Germany, an analysis of cooling tower selection 


concerning 


presented before the In 
Britain, an 


a paper originally 
Electrical Engineers in Great 


based on 
stitution ol 
exposition of techniques used to conserve alloy steels in 
Czechoslovakian boilers, a survey of nuclear power high 
lights of the \tomic Energy Conference (in 
cluding excerpts from papers dealing with U.S.A 
U.S.S.R 
scheduling of an 


Geneva 
ind 
power reactor programs) and an article on the 
American industrial power plant ex 
pansion 

Why does this cosmopolitan interchange of technical 
information take place? One answer is that sharing ol 
information has what might be termed a catalytic effect 
which contributes to progress in science and engineering 
But a more basic reason is that the natural phenomena 
which scientists and engineers study know no national 


boundaries. Even the most rigid security procedures 
cannot withhold the secrets of nature from the probing 
that dramatically 


smrentists 


intelligence of man, a lesson was 
retaught to many young 
Geneva. In their first 
decade to exchange scientific information with some cde 


Iron 


engineers at 


than a 


and 
opportunity in more 
gree of freedom, physicists on both sides of the 
Curtain reported substantial agreement on independent 
ind security-compartmented fundamental measurement: 
ol neutron cross-sections 

1940 there 
pendulum of public opinion toward sharing of informa 


Since have been many wide swings of the 


tion. Right now, in contrast to the earlier years of the 
Cold War, there appears to be a period of relaxation, 1! 
not removal, of barriers to free interchange Paradox! 
cally enough, the necessity for security that results from 


tense international relations may be dissolved by the 


realization that sharing of information may contribute 
international tension It is in this sense 
of « that 


ind engineers attending the 


to the relief of 
that the 

y the 
national Conference 
most significant contribution of that gathering 


was engendered 
Inter 


feeling unaradert 


scientists 


Lot 


it Geneva may stand out as the 


interchange of information contributes both to 


ind to the 


Free 


progress efhaent use of our intellectual 


nd engineers have a direct interest 
They 


international 


resource scien tists 


in the conservation ol itural resources should 


have an equal interest in the promotion of 


exchange of information as a means of conserving human 


intellectual resource 











Overall view of the G. E. Pittsfield, Mass., Works shows the 
powerhouse during the expansion program and pictures the 


concentration of existing neighboring buildings which 
added to the problems in scheduling the expansion steps 


Pittsfield Power Plant Expansion 
Benefits From Good Scheduling 


Setting a boiler room expansion program 


that involves a demolition phase for one 
section of the powerhouse beginning May 
l and a steaming date of the following 
January | for the new boiler looks like an 
impossible task. Here is the account of a 
successful powerhouse expansion that 


followed just this schedule. 


HE Pittsfield 
Company built its first powerhouse in 


Works of the General Electrn 
1901 By 


1938 it had replaced three of the original boilers 


Mass.. 


with two new units and also erected a compressor room 
104) 
mercury 


addition to the powerhouss saw one more boiler 
go in 1047 the 
and the powerhouse still further enlarged. In the early 
1950's plant indicated still 
increase in powerhouse capacity was at hand 
By 1953 the 


had reached the 


Then in boiler was installed 


general growth nother 


nereased plant process requirements 


point where early action on the next 


Further 
the penalties created by any losses of production from 
failures 


phase of powerhouse expansion was in order 


power shortages or were sizable enough to 


42 


By A. H. CHILDS’ 


General Electric Co. 


warrant a certaim reserve in capacity. General Electric 
decision was to install a 200,000-Ib boiler 


Once the decision to expand was made th 


Companys 
earliest 
possible completion date became highly desirable 

It was early recognized that boiler delivery would be 
the key to the building construction and completion date 
Exploratory negotiations were begun with a completion 
date of 1954, included as part of these 
negotiations. Boiler drawings were actually started in 
February even though the contract for the boiler was 
was not let until May of 1954 to Combustion Engineering, 
Im The 


December 31, 


reason for this head start on 


boiler drawings 
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Fig. 1—Interior view of the demolition area cleared for the 
installation of a 200,000 lb per hr steam generator. Demoli- 


was the hat the had to be 


could 


boil T 


designed to fit a 


specific pl +1 ire ind hence not be a stand 


ret 


meeting of the interested General 


Electric Cor personnel was held to coordinate 
initial plannu 


struction ph f the project 


the engineering, demolition and con 
The overall 
neering of the powerhouse extension was 
vany's Real Estate and Construction 
Engineering Division This the 
e dovetailing of new building drawings 


design 
ind bas« enig 
issigned to the Comy 
involved preparation 
of all drawings, th 
steel work 


boiler manufacturer for 


development of 


with thos 
primarily ill required demo 
lition drawing It that 
sheet piling the demolition phase would be shown 


on these d 


was agreed any necessary 


wlition drawings 


Further ery important working arrangement 


was devised is Figs. 1 and 


north 
r construction 


3 show a railroad trestk 
the station \ 
crews to have 


wall of power 
access 

sential 
ws access during daylight 


Pittsfield Works 


Accordingly it was planned 


hours and 


schedule would free 


lition schedule had to be set with 


rying out the powerhouse expansio1 


with a ruption of existing plant services as 
about two to three months on 
and No. 6, for exampk 


Pittsfield Works Thi 


possible il utage oj 
two of th urbines, No. 5 
eptable to the 


was be lie ve 
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tion began May | and was completeddune2. The pile driv- 
ing contractor moved in dune 3 and was underway dune 8 


le ids 
would in 
start 
theu 
certaimm 


was a necessary one since the main turbine 
from No 
with and would have to be 
Reinstallation of 


have to 


outage 
and the main relief line 6 machine 
terfere removed by the 


of demolition these lines in 


permanent locations would wait until 
of the demolition work was completed and design draw 
ings advanced to the point where interferences between 
these lines and new work would be definitely past. All 
requirements such had to be 


determining the demolition schedule which was finally 


is these anticipated m 
planned to start May 

Phe 
Electric Co. supplied a list of finished drawing dates for 


] 
: 
Engineering Section of General 


Construction 


the various phases of the powerhouse modernization at 


this same meeting. For example their March and early 


April 1954 calender called for drawings covering these 
pre-demolition and 


jobs fuel oil piping, 


heating set to the mercury boiler unit, the temporary 


pumping 


support of the 625 psi steam line, relocation of the 


mercury reclaimer and drain tank, temporary support of 
and the blowdown 
relocation of the feed 


the condenser boiler relief lin 6-in 


and oil vents, the 6-in 
water header 
In addition at 


redesigning the 


pump 


this early March 17 meeting the ad 


intages ol main power condensation 
felt that the 
inadequate for the in 
Any 
systems could be 
loads 
a result design steps had to be 
this the 


necessary preliminari set in motion at this time 


was discussed. It wa existing 


system 
would be 
load 


condensate 


condensate system 
cutovers im} 


handled 


were at 


creased power plant major 


volving the new 


best during the summer months when 


their minimum As 


completed to meet summertime cutover and 


wert 
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Fig. 2—The actual cross-section area made available for the 
plant expansion measured 50 ft by 80 ft so expansion pro- 


Settine Schedules 


With the 
with, the 


preliminary planning and discussion over 
schedule to date ol 


high spots involved 


boiler meet a 


The 


steaming 
January 955, was laid out 
Demolitiot 
Boiler 
Boiler 
Boiler 
toiler 


Boul 


Souler 


May 

July 16 

July 20 

July 21—August 
August 10 
August 16 


started 
steel shipped 
steel received 

steel erected 

drum shipped 
drum delivered 
lrum im place August 20 


rubing, headers, superheaters—As soon after August 


20 as prac tx ible 
Boiler hydrostat . Ni 
up to October A) 


rvernber later moved 


Boiler on January later moved up to 


December 

gid schedule the contractor 
who 
had t 


onstructors, Inc wert 


é col 


struction, 


take place in an area roughly 


Chis 


major phases of the power 


space limitation made it 
necessary t ( Vo the 
iddition to the over 


house expansion one at a time In 


all construction United Engineers undertook the respon 
field I 


installation's 


sibilities for purchasing, expediting, work, 


wes and the val 
formidabk 


competitive 


contractors ser, ippr 
restrictions the 
ilthough it 


1 lump sum award be made on 


Despite thes« contractor 


allowed time for bidding was 


agreed that major equiy 
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ceeded a step atatime. Thisshows the pile driving phase 
146 piles were driven to an average depth of 30 ft. 


ment so that a 40-hour week could be set up and control 
could be established over labor costs 

meetings of the 
ind the 
this way progress could 


It was decided early to hold weekly 


architect, operating personnel, the contractor 
General Electric Company. In 
be closely delivery delays 
visits to the 


approve i 


gaged 
When 


made t 


Equipment wer 


investigated necessary, supplier's 


factories were troublesome design 


point or permit fabrication changes 
Demolition Detat 


rhe boiler steel shipment date 


of July 16 permitted 
roughly two months for the demolition and pile driving 


phases of the powerplant expansion program 

The demolition mentioned above in 
olved the 
lines running through the old building to either of the 
idditions {s a result the equipment in this 
rerouting had to be deli dina 


that the 


operation as 
rerouting of interconnecting steam and water 
later 
matter of weeks so 
ud uu x 
pediting 

head in str ught 


The physical 


task 
ye The original 
lv 5 by f in as much as 4 ft thiclh 


As result 
two shifts 


the demolition contractor went 
1 eventually three-shift 


dul required adv anced 


! peration 
This work sche when 
of the 


Driving 


plannit 
ver use coal unloadin 


sheet piling 
the site-clearim Fi , as the are 


20 the south wall sheet pili 
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Fig. 3—Railroad trestle runs along the north wall of the 
power station and its continued availability was essential 
to general plant operation so its use had to be scheduled 


It was agreed that all phases—-site clearing, sheet piling 


were to be pushed around the clock so that the area 
would be ready for the 
May 27 Actually the 
June 2; the contractor moved out June 3 


driving contra‘ 


piling contractor to move in 
demolition was completed 
and the pile 
tor began unloading and erecting equip 
ment June 
Pile Driving Phase 
The 
reinforcing steel would 
contract 


Steel 


decision was made that grading 
closely follow 


was awarded June 3 to 


and placing of 
driving 
the 
for reinforcing steel with a 
of delivery June 15. At the 
vendor was chosen (May 
1000 bags of 


pile 
Accordingly i 
Bethlehem 
firm 


Company 
promuse about 


the fe 


Same 


time yuundation concrete 


28) and directed to purchase cement 


unmediately 
In the meantime the relocation of the 625 psi steam 
header boiler was right 


mercury moving 


along h temperature insulation was completed 
June 9 and the mercury boiler was started up 8:00 a.m 
of that day after having been shut down to permit 
piping changes 

rhe pile-driving contractor had begun driving piles 
June 8. By the time 


14 


th pile s had | 


this operation was completed 
to an average depth of 30 feet 
nge of from 24 feet to 40 feet deep. All 
yy June 29 and the contractor moved 
10ob site Tuly 2 
the 


driven 
ind withir 


‘ +4 
} 


of this was finishe 
foundation mat forms, sched 
uled to 
by Jur 


the pile driving, was well underway 
installation was started at 
verything was ready for grading by 
completed July 7 The 
to go in June 30 with the entire 
ind wall finished by July 15 


lrainage 
about this 
June 28 and tl rading rein 
forcing steel 


entire 
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Fig. 4—Completed boiler installation, as it looks today 
shows in the above photo and the shot was taken within a 
few days of one year after Fig. 2 


the 
some thirty-six sheets for the 


During this period all shop details comprising 
structural steel work were 
being checked and approved. The expeditor's report 
received July 8 showed about 40 per cent of the struc 
The bunker 
had been delivered July 6; the first shipment of the build 
ing framing arrived July 9; and the boiler supporting 
steel had left Chattanooga, Tenn., July 8 
The piping drawings mailed to 
July 8 with bids due July 22. Before the 
returned a special meeting was called for the 


tural steel was then in fabrication steel 


the bidders 


bids could be 


were 


various 
rhe 
purpose of this meeting was to review the piping draw 


GE departments concerned and the contractor 


ings and the proposed work they represented to be done 
during the August shutdown of the plant. Out of it 
was to come a schedule for the piping contractor to out 
Phe 
primary concern was any required shutdowns for the 


line the week-end programs and the critical jobs 


main lines, whether or not they could be planned for 


weekend action, just which shutdowns must occur dur 
ing the week and lastly whether a total shutdown of the 
Pittsfield Plant might be required 

the 
shutdown 


In general, tine 


\ugust 


major 
the 
rhe thought behind this was to permit 


lor 


work contemplat d 


was installation of valving on 
existing lines 
carrying out new work or remaining work without any 
further main-line shutdowns. A very important factor 
bearing upon this scheduling was the effectiveness of the 
existing header valves on the power plant's 640 psi and 
well as on the 


which fed various manufacturing areas 


190 psi headers as 190 psi header bypa 


These valves had not been used for time and 


ability to hold tight 
For example il 


Some 
their was an munportant consid 
the the 
640 psi header did not hold then all 190 psi steam, all 


turbines, all had 


eration existing valve on 


boilers, and all manufacturing steam 
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to be shut down to install the new 640 psi header 
dividing valve. Since this new valve with its stub 
pieces required stress relieving after welding, a 24-hour 
shutdown would not be enough and a full week-end 
would be needed. Similarly the other valves presented 
problems of their own 

After checking on these various valves it was agreed to 
shut the powerhouse down from August 7 to August 14. 
The piping work progressed from this point pretty 
generally on schedule. The early plans for the con- 
densate piping made back in March were being put into 
effect by the contractor by August 20. 


Boiler and Structural Steel 


Structural steel erection got underway July 19 and 
the boiler supporting steel construction was all up by 
August 12 with the riveting 50 per cent completed. At 
this juncture the structural steel and the boiler erection 
work had to be dovetailed. For example, when the 
boiler drums began to go into place around August 
20 the structural contractor had to handle his 
operations intermittently with those involved in the 
rigging and erection of boiler drums. By August 26 
drum was complete and the air preheater 
installation already The structural steel to 
the fan floor and main roof level was then nearing com 
pletion and the penthouse framing had begun 

When September 17 rolled around the 
steel erection was finished, the steam generating tubes 
were almost all erected and expanded and the top and 
bottom headers in The dust collec 
tor shell and hoppers were in as was the air preheater 
the ring for the stack Boiler feedwater 


steel 


erection 
started 


structural 


sidewall place 


and base 


header piping was moving along and drainage piping 


scheduled for installation beginning Septenber 14 
October 1 was set for the start of the coal bunker erec 
tion and October 4 for the beginning of the stack as- 
sembly 

By October | work was far enough along to schedule 
the boiler test for October 16 rhe boiler 
waterwall and recirculating tubes were expected to be 


hydrostati« 


rhe piping for the hydrostatic 
Blowdown piping, 
piping valves were to be ready well in ad 
vance of October 16. The fans had been unloaded Sep 
tember 28; their foundations finished September 29 and 
were to be erected by October 4. 


finished October 6 
test was to be shipped October 8. 


drain and 


\ successful hydrostatic test was performed October 
20. Within roughly a month later the application of the 
plastic refractory to the boiler well 
Che skin casing was continuing well and the wall in 
upper drum refractory protection 
The duct work was well along, stack 
guniting progressing, all remaining piping, pumping 
and control stations nearing completion by November 
25. The boiler setting was then scheduled to be ready 
for drying out, December 6, with boil out and washing 
down to be completed December 10 


was advanced 


sulation and was 


cr mmpleted 


he preliminary operation of the FD and ID fans 
and of the air preheater was held December 2. Weld 
ing and stress relieving of the main steam piping was all 
finished by this latter date except for the jomts that were 
to be made up December 11, 12, and 13 when the lead 
to one of the turbines was scheduied for cut-in. Al 
instrument piping was held to be far enough along so 
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that the boiler drying and boiling out operations could 
be carried out as planned. 

Checking and connecting of electrical control circuits 
between the boiler gauge board and switchgear were com- 
pleted as of December 2, The phase rotation of the 
motors driving the pulverizers, and the ID and FD fans, 
the chemical feed pumps, the clinker grinders and air 
preheater had been checked out and for the remaining 
motors was underway by this same date, The moving, 
checking and installing of the necessary switching equip 
ment for the 10-in. motor-operated steam lead valve were 
reported as in progress as of December 2 

The last of the many weekly meetings was held De- 
cember 9 with representatives from General Electric 
Company, the United Engineers and Constructors, Inc., 
the boiler manufacturer, Combustion Engineering, 
Inc., the electrical contractor, Collins Electric Company 
and the piping constructor, Hartwell Company. The 
minutes of this meeting are repeated here. 


Boilers and Auxiliaries— 

“Installation of doors completed, and of skin casing 
substantially completed. Refractory work finished De 
cember 7. Erection of all gas and air ductwork com 
pleted December 6. Running in of fans and air pre- 
heater occurred December 4 Erection of 
piping underway. Roughed-in insulation of air duct, 
gas duct, fans and superheater assembly nearly finished. 
Drying out and boiling out of boiler commenced De- 
p.m. Installation of retractable 
sootblowers to be completed December 14. Erection 


and 5. cr yal 


cember 7 at 9:45 


of sootblower piping to be completed December 17. 
Washing out of boiler scheduled December 11 firing 
boiler for blowing clean main steam piping and for setting 
valves scheduled for December 12. Boiler sched 
uled to be ready for steaming at operating pressure and 


Saltety 


low output December 14 


Piping and Mechanical— 

Erection of service water and drains nearly finished 
Instrument piping substantially completed. Installa 
tion of ash removal piping and equipment to be finished 
December 10. Completion of boiler lead and No. 8 
turbine lead, including connection to turbine, blowing 


12 13 


clean and testing, scheduled for December 11, 12, 13 


Electrical Work— 
“All electrical 
operable except coal feeder motors 
handling approximately 85 per cent completed 
indicators to be installed the week of December 13 
Installation of all lighting substantially completed 
Installation of and control for unit heaters 
underway and awaiting delivery and erection of heaters 


operating equipment connected and 
Controls for ash 


Flame 
2 


power 


Conclusion 


On December 14 the boiler actually went on the line 
at low outputs. About December 21 full rated load was 
placed on the boiler and from that day on the unit was a 
producing member of the powerhouse, Fig. 4 

The above description, of necessity, covered only the 
high But it is evident that a_ well-detailed 
powerhouse construction program involving cooperative 
contractors and subcontractors under good supervision 
can achieve an erection and building schedule that on 


spots 


paper seems impossible 


September 1955—-C OMBUSTION 





The Effect of Decreasing Boiler 
Pressure on Natural Circulation 
in Water Tube Boilers 


By O. G. HAMMAR and R. JUNG 


A drop in boiler pressure occurring 
under load impacts can cause evaporation 
of water in downtakes. It has generally 
been assumed that this disturbs the cir- 
culating flow and endangers the heated 
riser tubes. A test unit representing a full 
sized section of a peak load steam gener- 
ator was subjected to sudden load changes 
comparable to those in actual operation. 
Changes of circulation velocities in rela- 
tion to time were measured. 

It was found that the limiting value of 
the pressure-time gradient which will 
avoid disturbing circulation depends pri- 
marily upon the initial boiler pressure 
and the water velocity in the downtakes. 
If the latter is high and the riser tubes are 
heated at their lower part, circulation 
will be less affected. Restricting cir- 
culating flow by orifices in the downtakes 
will more easily lead to disturbances. 


HE relationship between pressure-drop gradient 
and circulation is especially important for steam 
generators which are operated at full pressure and 

low load and are expected to deliver full load in response 

to rapid demand. Since the heat input cannot immedi 
ately follow a sudden demand, the increased heat re 
quirements are 
tem. If circulation is to be maintained and the heated 
riser tubes are to be protected against damage by over 

heating, the pressure-drop gradient should not exceed a 

nds on the dimensions and arrangement 


it first met by pressure drop in the sys 


value which depe 
of the circulating system, on the pressure and the initial 
circulating velocity This limit determines the storage 
capacity available to meet sudden load demands. 

The peak-load steam generator for which the investi 
gation was to be made is shown in Fig. 1. A small 
traveling grate stoker keeps the unit at operating pres 
sure (1120 psig) when steam is not required. The unit 
is to be put on the line at its full capacity of 375,000 Ib 
per hr within less than one minute. The unit reacts 
to this impact with a pressure drop of approximately 
$25 psi in By this time the oil burners have 
been started and can balance the pressure within another 


150 seconds 


neering, Im from an 


* Translated x 
7, No. 1, January, 1955 


article which appears ir 
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30 seconds. Flashing of water in the downtakes } can be 
expected to occur, as shown below, as soon as the pres 
sure gradient exceeds 60 psi per minute under the exist 
ing conditions. A required drop of 170 psi per min with 
out disruption of circulation by flashing could then only 
be met by further ‘ncreasing the storage capacity of a 
unit already equipped with two upper drums. The re 
sults of the tests undertaken to determine the actual 
limit made such measures unnecessary 


Theoretical Analysis 


The arrangement of the natural circulation system is 
shown schematically in Fig. 2. The circulation moves 
in the direction of the arrow due to the difference in 
density between the water in the downtake / and the 
steam-water mixture in the heated riser d. The steam 
generated in d is separated from the water in the drum a 
and flows through the superheater c and the valve f to 
the turbine. As long as the steam generated equals the 
steam leaving the drum the drum pressure P remains 
constant 

This equilibrium is disturbed when valve f is suddenly 
opened and more steam leaves the drum. This require 
ment is at first met by flashing of water in line with de 
creasing boiler pressure. The difference between the 
heat in steam leaving the drum Q and the heat input Q 


40 =0-Q, (1 


is removed from the system, the temperature of which 


will decrease by 


Ag/At = —aQ’ W 2 


where ¢ is the time elapsed and W the storage value 
(Btu per deg F) of the boiler content taking part in the 
flashing process. The heat available due to the pressure 
drop of the steam contained in the drum can be neg 
lected. The process of steam flashing follows the steam 
pressure line indicating the connection between satur 
ation pressure P and saturation temperature ¢. In the 
purely formal relationship 


AP/At = (AP/Ag) (Ag/Al) (3) 


the ratio AP/Ay represents the average gradient of this 
process between its beginning and ending 

The storage value which can be considered a design 
then be found from equation (2) 


characteristic can 


and (3) as 


AP/Ag 
AP/Al 






































Fig. 1.—Steam generator for 375,000 lb per hr, 1140 psig, 
935 F with combined oil and pulverized coal firing and trav- 
eling grate stoker for standby operation 


‘ Dry drum f Two f{-d fans 


ae) Steam drum q Superheater 


in which the heat differential AQ is given and the pres 
sure-time gradient AP At should be below the disturb 
ance limit established in this article. 

When the pressure drops below the saturation tem 
perature of the water in the drum, flashing of steam occurs 
first in the drum and riser tubes, where a saturated con- 
dition always exits. If the pressure-time gradient ex 
ceeds a certain limit, then steam forms in the downtakes 
as well and circulation can, under conditions yet to be 
determined, be reduced and even stopped. This means 
danger of local overheating of risers not properly cooled 
and consequently tube failures 

The pressure-time gradient which will limit flash 
ing in downtakes is determinable through the condition 
that the drop of drum pressure must equal the pressure 
increase to which a water particle would be subjected 
at constant drum pressure in the downward flow by re 
ducing its elevation. This pressure increase is 


AP, = y'Sh — AP, (5 


where y’ represents the water density at saturation tem 
perature go, SA the change in elevation and AP, the 
This pressure drop occurs 


pressure drop by friction 
along the flow path 


COS a 6 


Ax AA 


where a is the angle between the tube axis and the ver 
tical. To cover this distance the water particle which 
has a velocity w,, needs a time interval of Af Ax/w, 























































































































b Downtakes Evaporating surface 


c) Six burners for oil and Economizer 
pulverized coal k Airbeater 
l Coal bunker 


Ash sluice 


d) Three pulvericzers 


r Traveling -grate stoker m 


and is, according to equations (5) and (6), subject to a 
pressure increase 

AP, wry’ At cos a — AP, 7) 
rhe conditions for the water particle considered do not 
change if the drum pressure decreases by AP = AP, 
within the interval A/. The water flow in the downtake, 
initially (<« = 0) saturated, will not contribute to flash 


ing when 
-AP/At ss wpy’'H,/L — AP,/Al S 


where cos a from equation (7) was replaced by the ratio 
of the height H/ to the tube length Z 

The friction part of the 
mined by 


Fig 
pressure gradient is deter 


AP, / Al \(wp/dy)w* py’ / 2g 9) 


with A as friction coefficient, also taking into account 
losses at the tube entrance and in elbows 

The conditions under which the system shown in Fig 
| avoids local flashing are presented in Fig. 3 where the 
length coordinate x (Fig. 2) is plotted against the eleva 
tion differential 4. Because of the relationship AP = 
y' Ah this then represents the distribution of static pres 
sure in the downtake at the no-flow condition. The 
downtake runs vertically between the points 0 l, 
2 , and 8 9 (Ah/Ax = 1 The 
loop shown in Fig. 2 lies between the points 3 and 6. 
Che straight connection between the end of the down 


2 3,4 o, 6 vs 
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Fig. 4—Test plant 


Drum, 910 mm ID, 4.1 m long 


Downtake, 83/73 mm OD_ ID, 34.6 m long 
Header 
Four risers, 70/60 mm OD/ID, 25 m long 
Stack 
20 gas burner 
U steam pipes 
yndenser with evaporatio 
ooling water pump 
ooling water drain line 
Condensate return line 
Feedpump 
Test room 
Blowoff valve 








Throttle valve in conden 


BUBRRERAEE A 


Venturi meter 


Velocity meter (propeller 


2.—Schematic arrangement of a natural-circulation 
system 


Su perheater 
f) Steam valve 


g) Feedline 


take, show the dotted line between points 0 and 10, 


represents the limit value of equation (8) where the fric 
tion loss is neglected. When this line cuts the stati 
pressure line between I and II, a very small amount of 
water evaporates which does not influence the flow and 


which has lensed in reaching point 10 








The limiti pressure gradients are calculated for this 
example where HL 0.65 and y’ 740 kg/m? (at 70 


» equation (SS 








m/sec 


I 5 8 S.5 at, min 


Frictional pre re drop reduces these values by 


ont 
o.6 ll “I /0+ It has been suggested (1) that flashing can be avoided 
When the unit under investigation is in a standby con by adding pinged with lower temperature into the down 
dition. the water velocity in the downtakes amounts to *®<* rhese and similar measures such as outside cool 
ing of downtakes add considerable design and oper 


approximately 1.6 m/sec. Flashing will then 
ational complications which our test results do not justify. 


occur in the downtakes when the pressure-time gradient 
exceeds 4.2 at in. or 60 psi/muin Test Model 
The circulating system used for this investigation was 
built as a section of the proposed standby generator in 
full size in order to remove any doubt as to the applica 
bility of the results. The system with its main dimen 
sions shown in Fig. 4 consists of the drum a, the down 
take tube b, the lower header c and the four risers d which 
are heated in a stack e with a maximum of 20 gas burners 
in two parallel rows, No. | to 20 
In the standby condition the generated steam 1s re 
moved from the drum by 10 tubes g to the condenser A 
which is cooled by evaporating water at atmospherx 


pressure. The condensation is adjusted to the evapor 
ation in the boiler by raising or lowering the cooling water 
level in the open tank A with the cooling water pump 1 or 
the drain pipe k. The condensate forming in the tubes 
g returns into the drum through the line / which contains 
a loop with a venturi g for metering the condensate flow 


Fig. 3—Arrangement diagram of downtake of test plant, ‘ 
length versus height The system is supplied by the pump m 
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0 8 2 
EIS N* of Burners 


Fig. 5—Heat flow Q = Dr corresponding to steam flow D to 
condenser (r = heat of evaporation) versus number of burn- 
ers in operation, n. Lower firing limit H. = 0.1 H 


All tubing under pressure outside of the stack and the 
reduced by 
either blowing off steam with the valve o or by com 
pletely opening the otherwise throttled valve p which 
will permit the subcooled water backed up 1n the con 
denser to quickly return to the drum. 


condenser is insulated Pressure can be 


Velocity Measurements 


The usual methods of flow measurement with ori 


fices or pressure taps cannot be used under non-stationary 
The 


pressure gages will either reflect vibrations of their own 


conditions with highly fluctuating water velocities 


or will be too sluggish to allow correct timing with other 
measurements Burg 
holz and further developed by the TUV Essen (3, 4 
was therefor A low-friction propeller centered 
inside the tube carries an isotope in a pressure-tight cap 
Every revolution will activate 
a Geiger counter connected to an oscillograph outside 
of the tube 
riser and for the downtake 


\ special device proposed by R 
used 
sule on one of its blades 


One of these instruments r is used for each 
Fig. 4 


Tests with Constant Load 


When the boiler load is kept constant the circulation 
depends on the heat input and its distribution over the 
length of the risers, on the pressure and the physical 
arrangement of the The distribution of the 
heat input is varied by increasing, reducing or throttling, 
the gas burners and is indicated for each test by the 
evaluation of H, of the lowest burner operated above 
the lower header 

At maximum heat input approximately 10° kcal/hr 
were absorbed by the four risers with a peak absorption 
rate of 200,000 kcal/m* hr occurring at the upper burn 


system 


ers. The low steam release rate in the drum gave assur 
ance of dry saturated steam entering the tubes g (Fig. 4 

Their pressure drop and that of the condensate return 
line / was small enough to keep the condensate level in 
l below the cooling water tank A 
densate was therefore restricted to less than 5 deg C for 
all stationary tests. The heat output Q calculated from 


Subcooling of con- 


50 


Ratio 


Velocity 





Circulation 
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0 ts 8 7 
(XII 3) N? of Burners 


Fig. 6—Relationship between water velocity in downtake 
and heat input at 80 ata and H. = 0.1H 


wr’ = Measured velocity at throttled circulation 


uP = Velocity for area ratio corresponding to throttle condition 


Q Area ratio risers /downtakes 


‘ Circulating ratio 


Diameter of orifice 


the condensate flow A measured at g and the latent 
heat r to Q = Kr can therefore be set equal to the heat 
input minus the heat losses of the system 

The heat output ( is plotted in Fig. 5 against the num 
ber of burners, starting with the lowest position. Only 
the minimum distance H, = 0.10 H between the lower 
header and the lowest burner remains unheated. The 
two curves measured for boiler pressures of 80 ata and 
10 ata show that two burners can maintain the standby 
condition (0 = 0 

rhe relationship between number of burners and water 
velocity in the downtake 6 for three 
throttle conditions of the param 
eters ¢, which originally represented the ratio of total 
flow areas of riser tubes and downtakes 


is shown in Fig 


circulation system in 


o dfa/ bf, 10 


For the circulation system in Fig. 4 this ratio without 
throttling is ¢é = @ = 2.70. To test the effect of an 


Ratio 


Velocity and Flow 
Circulation 


Wr) Pressure 


Fig. 7—Results of test with 16 gas burners for stationary 
operation 


Velocity in downtake (m/sec 


Velocity in downtake, calculated according to equation 


Condensate flow (i/h 


Pressure (ata 
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increase in this ratio on circulation it was merely neces 

to it into the downtakes. This in 

the tube resistance based on the velocity head 

of the downtake flow gq; w?, y’/2g from its initial value 
to 


sary orifice 


‘ 
seri 


creased 


fol O, @ 


The 
erated D 


circulating ratio (ratio of water flow to steam gen 


wpe Fy D 


(wher d itake area) for equal absorption rate 1s 
unthrottled system in which the 


a different ratio of d/b 


then a " is in an 


same value achieved by 


® Was 
with tubes of the same dimensions 


The 


calculated 


curves of the circulating ratios u in Fig. 6 were 
from the measured values of the 
steam flow D O/r, Fig. 5 

with more throttling The 


circulating flow then increases which favors 


water ve 
The y 


locity w, and the 


show u decreasing steam 


ratio in the 
separation in the drum and can give better steam purity 


for high release rates 


Pressure 


Velocity 





ners (Ne 9 


t= Ps I T 


Burners 


Figs. 8 and 9—Water velocity versus time in downtake for 
different initial velocities wr, and equal pressure drop. 
For test on Fig. 8, circulation stops (wy —> 0, disturbance) 
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The water velocity wy’ measured in throttled down 
takes corresponds to a water velocity w, in an equivalent 
unthrottled system with the area ratio @ is equal to 


Wp = wy’ o/ do 


When ¢ is increased by a change of the ratio d/6, the 
average density of the steam-water mixture also de 


creases and makes available a larger pressure differential 


for the flow in the downtake. This explains the in 
crease in velocity w, with an increasing area ratio ¢ 

Fig. 7 shows the results of a test series working with 
16 gas burners. The curve of circulation 
and condensate flow A was measured at constant pres 
rhe dotted line 


result of a calculation made according to H. Seidel and, 


velocity Wy, 


sure for an unthrottled system is the 
basing the steam bubble slip and flashing in the risers, 
on proposals made by E. Schmidt (6) and on test values 
from P. Behringer (7 
assumed that the heat absorption was in each case equally 
distributed along the length of the tubes with two-thirds 
between the lowest burner and a point midway in the 
stack and one third in the upper half of the stack 
ment with the measured values especially at 


For simplification it was further 


Agree 
higher 


pressures is Satisfactory. 
Tests with Variable Load 


the firing 
rate and the operating procedure were used to control 
the the circulation 
the position of the relief valve o (Fig. 4 


In running tests with decreasing pressure, 


initial value of velocity wy, while 


regulated the 


Limiting C 


Veloc fy, We o 


Fig. 10—Disturbance diagram for circulation at initial pres- 
sure of 80 ata 


All initia nditions below the disturbance (wr -- 0 


Limit curve lead to stoppage of circulation Instable boundary c« 


on limit line 
nditions above limit line we u / 


Circulation accelerates for c 


saturation limit divides area of steam free water flow in downtake 
below where flashing occurs 
The influence 


2 ™/ sex 


#f resistance due to friction APg/ Ai is noticeable ab 





Gradient 


Time 


(L smiting Coase 


nitioa Velocity 


Fig. |11—Disturbance diagram of circulation for initial pres- 
sure of 50 ata. (Compare Fig. 10) 


pressure-time gradient. Because of their wide flu 


it 
initial sta 


tuation during the process of dropping pressure, 


unnecessary to establish an 
with 


was consicde re d 


tionary condition constant pressure and circula 


tion velocity his allowed a considerable reduction in 


testing time because the circulating velocity, for instance, 


could be easily corrected at constant heat input by in 


level of cooling water in the 
} 


creasing or decreasing the 
The resultant change in 
(approximately 0.5 at has 
fluence on the behavior of circulation when the load im 


condenser boiler pressure 


min max no practical im 
pact occurs 

For some tests boiler pressure was dropped by open 
ing valve p (Fig. 4) after having backed up cooled con 
densate. Better stability of 
probably due to the sudden influx of subcooled water into 
the downtake, thereby eliminating or delaying flashing 

Che influence of the initial velocity w,, on circulation 


circulation was observed, 


is shown by two examples in Fig. 8 and Fig. 9. Pressure 
was reduced in each case by blowing off steam with the 
same opening of valve o (Fig. 4 rhe same pressure 
AP Al -20 at 


80 ata) showed a wide disparity of cir 


gradient min) at the same initial 
pressure (P 
culation velocity in the downtake 

For these and other tests the pressure drop starting 
at the time / an acceleration of the 
circulating flow which is caused by the instantaneous 


Chis 1s followed, due to 


o first leads to 


start of flashing in the risers 
inertia forces, by fluctuations of the circulating velocity 
in a period of the same magnitude as the frequency period 
of a communicating fluid column with twice the length 
Approximately 30 sec after the load 
State ol 


of the downtak« 


impact the velocity moves towards a new 


equilibrium which is either considerably below or con 


siderably above the initial value w, In the first case 
(w, — 0) circulation is disturbed endangering the risers 
(Fig. 8); in the second case (w, W,,) circulation is 
maintained (Fig. 9 

rhe initial pressure P. in the test according to Fig. 8 
was reached with a slight increase in pressure (AP At > 0 
and six burners. The other burners were lighted 90 sec 
after opening the relief valve This change in firing 
does not show any influence on the velocity behavior 
In some instances it was found, however, that the in 
crease in firing during lower pressure-time gradients can 
restore a previously disturbed circulation to satisfactory 
levels. As to their initial velocity, w,, and pressure 


increase Per 
® 
S = 
s t 


Volume 


Relative 


ressure 


\o /o'A P of saturated 


Fig. 12—Relative volume Increase 3 
(From 


water for a pressure drip of P = | at versus pressure. 
steam tables) 


gradient AP At, these events occurred under similar con- 
ditions as for certain boundary cases described subse- 
quently. In these the pressure drop merely causes ve- 
locity fluctuations around an average value comparable 
to the initial value w, 
Disregarding the influence of 
for certain conditions and first considering the same fir 
ing arrangement H/,, only three variables are to be con- 
sidered: the initial pressure P,, the pressure-time gra 
dient AP /t and the circulating velocity w,,. For a con- 
stant initial pressure a relation can therefore be found 
between AP Af and w,, determining for any given pres 
a minimum initial velocity below which 
circulation is disrupted. In Fig. 8 and Fig. 9 this limit 
value for a pressure gradient of 20 at/muin lies between 
1.45 and 1.78 m/sec More tests within these values 


increased firing rate 


sure gradient 


Min 


nereose Per 


ume 
ct aw 


initial Velocity 


. 13—Disturbance limit versus initial velocity and relative 
volume increase per unit time 


ip Downtake ID 


H, Lower firing limit 
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Time— Gradient 


Pressure 


< 
a 
ng iS} of *. 
m of Downtoke » 
With Orifice* 


i=} 
> 
o 
oe 


Orifice 


» (Limiting Case) 
b 


e 


Initiol Velocity 


will further narrow down the area of 
ance Che results tor a 
AP/At a1 ire shown in Figs. 10 

The test ts plotted in Fig 


of approximately SO 


exper ted disturb 


variation of initial conditions 


ind 11 

10 for an initial pressure 

ita show the initial conditions of 
their symbols 

The lower curve 

maintained circula 


velocity and pressure gradient and by 


the circulati behavior in each case 
disturbed and 


divides the areas of 
l mship of initial conditions below the 


tion Any 
limit line 
Fig. S 


accelerates circu 


i circulation disturbance according to 
nditions above the line the load impact 
Phe 
iuse a fluctuation of velocity about the 
sund on the limit line. The upper curve 
itial gradient of AP / At) /w, yH/L 
g condition as represented by equa 


lation, as shown in Fig. 9 condi 
tions which will 
initial value 
with an 
describes the limuitin 
tion 8S At higher 


; ; 


velocities the curve bends slightly 
upwards due he increasing influence of friction losses 


A bove 


take 


this line 


here is no flashing of water in the down 
[hese result »w that circulation, especially for larger 
load im 
min and 


initial velocities, is surprisingly insensible to 
{ The requirement of AP/At 12 at 
W, ‘} , ind P 

not found in the 
0 to be safe with sufficient 


ure gradient of 1S at 


SO ata for instance, which 
boiler industry, 
tolerance 


is an extreme usuall) 
is found in Fi 
It will take a pr 
initial velocity to cause 
the fact that flashing 
tat 


This type 


min for the same 
i circulation disturbance despite 

ilready occurs in the downtake at 

miu! 

listurbance diagram is shown in Fig. 1! 

i Although the limit 


10 for a pressure 


for an initial pressure of 50 ata 
curve has the tendency as in Fig 
of P x) 


for 


is considerably less steep, especially 
velocities This divergence can be 
results of the following calculation 
position that circulation flow at the dis 


1! 


limit will behave similarly at a different initial 


higher 
explained by 
based on the 
turbance 
pressure P 


when at the same initial velocities w, A 
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-Time-Groadient 


Pressure 


Velocity 


Figs. 14 and 15—Disturbance diagram at 80 ata and lower 


firing limit. dH, 0.1 H; downtake 73 mm ID 


: ystem not throttled 


system throttled at lower part of downtake 


ystem throttled at downtake inlet 


flow under these conditions, however, can only 
be expected if the pressure gradients AP/ At lead to the 


same change of specific volume in relation to time when 


similar 


flashing occurs 

With x as the 
volume of 
f the 


then developing steam ratio, v’ the 
saturated 


saturated dry 


specific water and v” the specific 


volume steam, the increase in vol 


ume is 
At y’ (14 


Since the process 1s nearly isentropic, the rel tionship 


between ind the pressure drop AP is given by 


rx dt'/dP — v')AP 


or in sufficiently close approximation 


rx li'/dP)AP 


where di’ represents the enthalpy change of the water, 
at the saturation limit for the pressure change dP and 


r is the heat of evaporation. Using the steam ratio as 


li'/dP 
li'/dP) ,5 


equation (14) provides the relative volume increase to 


(di'/dP) v" y’ 


r 


At AP (16 


Phe property 
At 
AP 


can be calculated from the steam tables as shown in Fig 
12 as a function of P and used to transform the disturb 
ance limits found for 50 and 80 It should be 
noted that only the pressure differential AP’/ At (Figs 
10 and 11 limit and 
limit causes flashing. If the limit is only determined 
and the corresponding relative volume increase 


ata 


between saturation disturbance 
by Wy, 


$3 





Velocity ww, 


Initial 
2 


Pressure - Time— Grodient 


16—Disturbance diagram at 80 ata and H. = 
downtake 47 mm ID 


0.1 H; 


Ai 
Al 


B(AP’/ Al 


then a relationship independent of the initial pressure 
P, should be expected between (Av/v’)At and wy, at 
the disturbance limit his does happen as shown by 
13 where the two disturbance limits corresponding to 
For 
and initial pressure the maximum allowable pres 


Fig 


Figs. 10 and 11 coincide iny values of initial ve 
locity 
sure 


time gradient can therefore be presented as 


AP/ Al 1/8) (As 


10 


rhe relative 
in this equation by 
by P, in Fig 
of the 
without steam acc« 
lence of the 


Af is determined 
ind the 


volume increase 
vy, in Fig. 13 
12 The fin 
gradiet 
ding to equation (S 


property 8 
value 
t for water in the downtak« 


il term is the limiting 


pressure-time 


disturbance limit from the 
that within safe 
downtakes behaves as a 
diffusely 


movement In 


The indepen 
initial pressure P 
the ste 
homogeneous 


would indicate limits 
in the 


which the 


im-water mixture 
fluid in 


bubble s 


distributed 


small steam have no relative 


sharp tube bends and for low initial pressure with large 
water and 
ration of both phases producing a circulation disturbance 
Fig. 13 
ipplied only 


density differences between steam, a sepa 
can be expected above the limit line shown in 
The results of these tests can therefore be 
to similar circulating systems 


30 ata 


and to pressures above 


approximately 
Special Conditions 


Ihe circulation behavior under decreasing pressure 
is not only influenced by the values of P,, AP/ At and 
w,,, but also by the distribution of the heat input along 


54 


at Na 
ravetting ke 
Throttled 
~ ie 


> 


ale) 


Fig. 17—Water velocity in downtake w,, and pressure-time 

gradient for equal heat input with n = Z2andn = 4 burners, 

versus area ratio ¢ and corresponding throttling which pro- 

duces for stationary conditions the same circulating ratio 
= 80 ata, Ho = 0.1H 


the risers. This influence is actually characterized only 
by the lower firing limit //, where flashing 
mining the steam distribution during the first phase of the 
The limits in Figs. 10 and 11 are 
drawn for an initial firing with the middle burners (No 
9 which places the lower firing limit at // 7m 
or & 0.3 H above the lower header 

Test results run with an initial firing of the 
burners (No. 1..., A, ).1 A) are 
The diagram also shows the test points from the throttled 


The 


installed between two flanges 


begins deter 


event disturbance 


lower 
shown in Fig. 14 
circulation system for the same firing arrangement 


orifices in this case were 


about 2 m above the lower header 
Fig. 14, all tests poimts of the three 
tems indicate the disturbance limit As far as 


the opposing effects 


in the downtak« 

As shown by Svs 
sane 
circulation at that limit is concerned, 
and initial firi 
For the same 


of the 


ot triction resistance g le vel appear to be 


widely in balance ‘initial velocity the 
increased resistance 
to the increased firing 
fluence on the steam distribution in the 
fore on the circulation well into the 
pressure drop. Because flashing alr« 
the lower header, the disturbance limit curve runs steeper 
than for the middle firing H 7 m, Fig. 10), 
especially for initial velocities below w, 
limit to the relation (Av/v’)/ Af, w, 
produces the upper curve in Fig. 13 

rhe drop at the 
flashing in the lower part of the 


fective only on a short path ahead of the 


throttled system corresponds 
which maintains its in 


and there 


initial 
risers 
decisive phase of the 
idy starts 2 m above 
level 
U.6 m/sec 


rransferring this 


additional 
which is ef 


pressure orifice causes 
lowntake 
risers and has 
therefore practically no influence on the density of the 
steam-water mixture in the downtak« 
height H. The generated at an orifice placed in 


the upper part of the downtake, will flow 


averaged over the 
steam 
however, 
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height H. This displaces the dis 
turbance limit, with further test results in 
Fig. 15, into a previously safe area. 

estimate the saturation limit for this 
axis in Fig. 3 is first lowered by the head 


through the whole 
as shown 


In order t 
case, the zero 
due to the pressure drop at the orifice 


H’ = Epil pe 2g 


In Fig. 3 the curve obtained with the discontinuity 7’ at 
the starting point describes the static pressure distribu- 
tion in the downtake The inclination of the straight 
line (a 10), which is (7 H’),L and is to be substi 
tuted for the expression H/L in equation (8), determines 
the limiting pressure gradient AP/At for the following 
condition The fluid particle at the 
end of the downtake equals the initial pressure at the 
beginning of the downtake. The straight line (a — 
10) however runs below the curve of the pressure dis 
tribution and demonstrates that all of the downtake 
volume will participate in flashing at the limiting pres 
AP/At calculated with that inclination 
of equal pressures is therefore insuffi 


pressure of a 


sure gradient 


The 


condition 
for determining the saturation limit 
Following equation 8 this limit was defined as deter 


between the time 


for the 


relationship pressure 
gradient and the that 
saturated water only enters the lower header. The 
saturation limit thereby corresponds to an average of 
the local static pressure increase AP/A for AP/At 0 
which is found in first approximation from the slope of 
the line in Fig. 3 The straight line 
drawn for w, 1.5 m/sec in such a manner that the 
areas a 0 2 1 aandd b 10 8) 
s la jual. It is hereby 
ng the path x r d in the 


take condenses again between 


mining the 


velocity W,, condition 


has been 


assumed that the 


steam 1 al upper 


part of the dow: and e 
and that its influence on the distribution can 
be neglected If the slop H/L in equation 


| by slope 6 of the straight line (a b 


pressur¢ 
therefore 
now replac 


turation limit can be written as 


AP, / Al 


vecause of the head 7’ and wher 
that of the un 


where 
the r ! is identical with 
saturation limit calculated in 
Fig. 15 for an with a 

6 The curve considerably 
unthrottled 
but 


throttled 
this orifice 


exceed system especially for 
fails to compensate for 
limit Probably a 


mixture behind the 


velociti I I msec 
the ch 
iration « n the two-phase 


disturbance sep 
listurbances 
with downtakes of 47 mm 
is plotted in 


orifice making tl irculation more hable t 
Addit 
ID instea { the pre 


Fig. If 


sista! it i! I re 


were made 


viously used 73 mm 
ised re 


of the 


er pressure drop due to inert 
pronounced divergence 
the initial tangent whicl 
it the end of the 
limit has now 


similar 


represents 


ree water lowntake 


The disturbance been 


Fig } and shows a tendency 


} 


throttled svstem described above 


Conciusions 


The 1 ntatior f the disturbance lin 


nt to judge behavior of 


above 
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culating systems when the pressure drops. A compari 
son under equal outside conditions requires an equal 
amount of evaporation or firing prior to the load im 
pact, but not an agreement as to circulating velocities 
W; Both the unthrottled and the system 
throttled at the downtake end show in Fig. 14 the same 
relationship between AP/Ai and wy,. For the same 
heat input, however, throttling of the downtake leads to 
a smaller circulating velocity while an increase in the 
results in a higher downtake ve 


system 


area ratio @ (Eq. 13 
locity 
For the 
for stationary operation by throttling, 
that here, too, the sam 
between AP / Ai and w,, (Fig. 14) exists 
tion and the relationship between w,, @ and n of Fig. 6 
were used to establish the comparison shown in Fig. 17 
Both the velocity in the downtake w, Wp, taken 
from Fig. 6 and the corresponding pressure-time gra 
dient AP/ At at the disturbance limit taken from Fig. 14 
have been plotted versus the area ratio ¢ for the firing 
arrangement with 2 and 4 burners (Nos. | ?, and 
Nos. 1 to 4, Fig. 4 A distinction should thereby be 
made between the area ratio of the unthrottled system as 
defined by equation (10) and the corresponding throttling 
which produces the same circulating ratio at constant 


latter condition, which can be imitated only 
the assumption 
relationship 
ump 


suggests itself 


This as 


and 


pressure 

Ihe curves which start at the 
unthrottled test 
Increasing the area ratio increases the allowable pressurt 
The use of orifices 


area ratio @ dy of tine 


system show an opposing tendency 
time gradient; throttling reduces it 
to reduce circulation for improvement ol steam dryness 
is therefore limited, not only due to an otherwise usually 
harmless reduction of the circulating ratio, but rathe 
because of the increased liability to circulation distur 
bance under load impact 

rhe test results are applicable only to similar circulat 


tube 
shows that 


ing systems with similar dimensions and equally 


distribution of 
to circulation disturbances (8 


water to the risers. A report on 


failures due 
low-head boilers with downtakes connected to the 
end of the lower headers are especially liable to trouble 


front 


1 by funds from the halmersska Forsk 
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!-R BOILER-FEED PUMPS 


meet the exacting needs of the Public Service Company of Indiana, Inc. 


WABASH RIVER STATION 


HE INGERSOLL-RAND double-case boiler-feed 
fe shown above are typical of eight identical 
units serving the four high-pressure steam generators 
at the new Wabash River Station, engineered by Sargent 
and Lundy, for the Public Service Company of Indiana, 
Inc. Each of these nine-stage pumps delivers 1,760 gpm 
against a head of 4,650 ft. The 2,500 hp motor driver is 
hydraulically coupled to the pump for smooth variable 
speed control. Two pumps serve each of the four gen- 
erating units. 

Three additional eleven-stage pumps are now on 
order for Unit No. 5 which is expected to be in opera- 
tion in the spring of 1956 

The cylindrical double-case construction of these 
Ingersoll-Rand pumps permits equalized expansion in 
all directions when operating at high temperatures, 
thus meeting the highest standards of 
overall dependability and sustained high 
effix tency 

Your I-R pump specialist will be glad 
to give you complete details 





Other Ingersoll-Rand Equipment 


at Wabash River Station 


Filtered water pumps, rated 
500 gpm, 170 ft. TOH 
Vertical heater drain pumps, rated 
210 gpm, 520 ft. TOH 
Lubricating water pumps, rated 
50 gpm, 75 ft. TOH 
Evaporator feed pumps, rated 
100 gpm, 310 ft. TOH 
Vertical service water pumps, rated 
7,000 gpm, 129.8 ft. TOH 
Service woter pumps, roted 
4,000 gpm, 231 ft. TOH 
Ash sluice woter pumps, rated 
1,000 gpm, 230 ft. TOH 
10-140 


Ingersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 
AIR & ELECTRIC TOOLS GAS & DIESEL ENGINES COMPRESSORS VACUUM EQUIPMENT . TURBO-BLOWESS 
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Selection of Cooling Towers for 
Generating Stations’*—II 


By GEOFFREY F. KENNEDY, M.A.,+ and P. H. MARGEN, B.Sc., (Eng.)} 


In this, the second of a two-part article, 
the authors suggest a way of framing cool- 
ing cooling tower specifications for gener- 
ating station applications under various 
climatic and load conditions and for vari- 
ous turbine characteristics. Natural and 
mechanical draft towers are also com- 


pared. 


for determining the economi 


HE basi 


duty of 


procedurs 
tower serving a gen 
is well It consists of evaluating: a—The 
additional annual investment in the cooling tower required 
to give a specific improvement in performance, e.g., a 
reduction in the inlet and outlet water temperatures by 
F. at specified atmospheric and heat load 
rhe financial value of the improvement 
the generation authority, i.e., the value 
of the electricity which can be 
for the same station heat intake, 
cost of primary plant items such as the turbo generators 
The economic duty point is that for which a = b 
can be evaluated from the 
uations la, lb or 2 and tower 
b, depends mainly on the follow 


i cooling rating station 


known 


1 degree 
conditions. b 

in periormance to 
additional generated 
less any increase in the 


[he annual investment, a, 
performance ¢ 
cost data The 


ing three conditions, 


cooling 
value, 
as shown in reference (2 
turbine characteristic 

annual load program 

condition 


1 rhe 
ii The 
iii Climatic 


Condition i is determined largely by the rate of heat 
rejection per sq ft of net turbine exhaust area, which 
termed the ‘‘exhaust heat loading,” g, The 
greater g,, the greater is the turbine leaving loss and 
hence the smaller the improvement in turbo generator 
efficiency per degree reduction in the vacuum tempera 


may be 


ture 

Condition ti is defined largely by the 
a typical set of load curves is 
as illustrated on Fig. | 
depends primarily on the 


annual load fac 


tor, L, if associated with 


each value of L 
annual mean 
on the 


Condition tii 
bulb tem} extent 
variations in ible I shows 
seasonal variations applicable for the British 


used in calculating most of the charts in this 


erature and to a lesser 


temperature. 


wet 
seasonal 
typical 
climate and 
article 

For given assumptions concerning the secondary con 
is the shape of the load curves for a given 
viations from 


ditions such 
load factor 
the annual mean 
thus fully ined by the 
ing, the annual load factor, 
bulb temperature respectively, 


, or the magnitude of seasonal de 
temperatures conditions i, ii and ii are 
turbine exhaust heat load 
and the wet 


and the ec 


de tern 
annual mean 


momic cooling 
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tower conditions can be found for each combination of 


these three parameters. 


ATMOSPHERIC TEMPERATURES* 
Season (4 Month 
Intermediate 

40 


TABLE I--MEAN 


Each 


immer 


Winter 


Economic Duty Conditions 


rhe economic solution for the cooling tower is affected 
also by the other plant items in the heat rejection circuit 
illustrated on Fig. 2, i.e., the condenser and the circulat 
ing water pump, and the economic rating of these thre« 
plant items must therefore be determined simultaneously 
for each set of conditions. The ratings are conveniently 
specified by stating the full load rate of heat rejection, 
the design atmospheric conditions and the following 


three temperature differences 


mean temperature differ 
cooling tower which 


= the algebraic 


ence across the 
is an inverse measure of cooling tower 
size, and where 8,, (0, + 6.)/2 and 
to, iS atmospheric wet bulb tempera 
ture 

temperature dif 


which is 


the algebraic mean 
ference across the condenser, 
an inverse measure of condenser size, 
and where / is the steam temperature 


in the condenser. 


the temperature range of the circulating 
inverse measure ol 
also influences 


water which is ar 
the water quantity, and 
the cooling tower and 
to a minor extent 


condenser siz¢ 


how the economic values of 


represented 


Figs. 3 and illustrate 
three parameters can be graphically 
for a given climate for all combinations of load factor 
and turbine exhaust heat loading [he charts give the 
full load plant performances at the referenc 
19 F wet bulb and 52 F dry bulb, 
Table II may 


towers would give 


these 


atmospheric 
conditions of and the 
procedure illustrated on 
the performances the cooling 
different 

A comparison of Figs. 3a and 
nomic water temperatures for mechanical draught towers 
are lower than those for natural draught towers over the 


be used to find 


under 
atmospheric conditions 


3b shows that the eco 


*Io preparing this article the authors have made use of nformatio m and 
of the diagrams contained in the papers cited in references (1) and 


some 
of Electrical Eng 


which were published in the Proceedings of the Institution 

neers, Part A. Number 3, Volume 102, June 1955 

* Kennedy & Donkin, Consulting Engiacers, Lo 

t Formerly with Kennedy & Donkin, London 
Numbers in parentheses refer to Bibliography 


ndon 


at the back of the article 
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of duty conditions, so that, when tenders 
for both types of plant are desired, different performance 
specifications should be formulated. 

Fig. 4 indicates that the economic values of the water 
temperature ranges (6, 6.) are higher than those gen 
erally past, probably because past practice 
was unduly influenced by the much lower economic water 
temperature ranges applicable for river-cooled generating 


relevant range 


used in the 


stations 

With regard to the calculated economic temperature 
differences across the condenser, (¢ — @,,), represented by 
the broken lines on Fig. 4, it is necessary to make the 
relations for condensers are 
cooling particularly 
influence the 
The 
how 


reservation that cost more 
variable than those for towers, 
because the condenser dimensions may 
dimensions and costs of the power station building. 
condenser cost relations used for this article are 
ever considered to be sufficiently representative to fulfill 
the main object, i.e., the representation of charts giving 
realistic assessments of economic cooling tower duty 
conditions 

Figs. 3 and 4 show that an increase in the turbine ex 
haust heat loading increases the economic values of all 
three temperature differences by very substantial 
amounts, and therefore reduces the economic physical di 
mensions of cooling towers, condensers and circulating 
water plant for a given heat load. This trend became 
apparent in Britain as turbine ratings increased from 30 
to 60 and 100 mw with corresponding exhaust heat load- 
ings for twin flow machines of about 1100, 1500 and 1900 
Btu/sec-ft® respectively. As turbine ratings 
still further, even the adoption of multi-flow exhausts 
will not suffice to arrest the increase in the heat loadings 
of the turbine exhausts, and consequently cooling tower 
and condenser specifications involving still higher tem 


increase 
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Condenser 
steam temperature 
=¢ °F 
Fig. 2—The major components of the heat rejection circuit 
in a typical plant are the condenser, circulating water pump 
and the turbine exhaust. The duty of each affects the 
others 


ee coor 


Fig. 1—Seasonal block load allocation diagrams employed 

in constructing Figs. 3, 4 and 6. Curve (a) is 20 per cent 

annual load factor; (b), 45 per cent annual load factor; and 
(c), 100 per cent annual load factor 


perature differences will become economic. 
Figs and 4 also indicate that an increase in load 
factor reduces the economic cooling tower and condenser 
temperature differences, but has little effect on the eco- 
nomic water temperature range, (@,; — 6.). 
Fig. 
duty conditions 
chart it was assumed that constant atmosphere conditions 
would be maintained throughout the year, and that the 
towers would be on full load for 50 per cent of the year 
no loads for the remaining time. The figure 
shows the reduction in the values of 
ter) with increasing climatic 


5 illustrates the effect of climate on the economic 
To simplify the calculations for this 


and on 
clearly 
fal = 

" 


economic 
temperatures 


Natural Versus Mechanical Draught 


In comparing the economies of natural and mechanical 
draught towers, four cost items have taken into 
consideration a) The annual investments costs, (> 
Ihe annual cost of fan power, (c) The water tempera 
tures attained under various operating conditions, and 
the effect on station costs, (d) The costs associated with 
the tower pumping head (which may differ for the 
types 

At the design conditions, the investment 
costs for the two types are often comparable, with the 
mechanical draught tower having the advantage of 
attaining lower water temperatures, and the disadvan 
tage of incurring fan power costs. 


to be 


two 


economic 


Fig. 6 shows the comparison of the total annual costs 
of the two types of tower, the area below the heavy 
shaded line representing the range of conditions over 
which mechanical draught towers are estimated to be 
financially superior to natural draught towers. The 
other curved lines on the chart show the net difference in 
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Fig. 3—Economic mean temperature difference of cooling 
towers (mechanical draft, curves above and natural draft, 
curves to the right) indicate what temperature difference 


£/annum per Btu/sec of 
rejection. A difference of 0.01 for 
£1,000 per annum (i.e., about $2800 
The chart should not be 
and 


the annual 
the full 


nstance 


costs expressed 
load heat 
represents 
per annum) for a 0U-mw set. 
selecting between natural 
towers because site 
prices to extent, 
always offered on the 
chart gives a good indication of the 
influence the financial 


conditions, 


used as a firm basis of 
conditions do 
and makers 


Same 


mechanical draught 


affect the some 


relative 

quotations are not basis 
Nevertheless the 
which 


main tactors 


under 


comparison 


price 


British 
e of Exhaust Heat Loading 


Inspection of the chart indicates that the exhaust 
heat loading has a very strong bearing on the compari 
a high heat loading being in favor of natural draught 
one may regard a natural draught chim 

which develops useful air power in pro 
portion to its height and the amount of heat supplied 
toit. The heat is a waste product, so that the chimney 
is economic if the power developed from this free heat 
is sufficient to pay for the capital charges. Now Fig. 3b 
shows that an increase in the turbine exhaust heat loading 


son, 
To explain this 


ney aS an engine 


produces an increase in the economic water temperatures, 
duction in the ground area of 
other words, the still 
air power but costs less to construct, 
high tur 


advantageous to natural 


and hence a re economic 
the chimney In 


develop the sam« 


chimney can 


consequently economic. Hence 


heat 


and is more 


bine exhaust loadings are 


draught 
uence of Load Factor 


belief, 
econom 


Fig. 6 also shows that, contrary to common 


station load factor has little influence on the 
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(@m tw.) is to be specified at the reference atmospheric 
conditions: wet bulb of 49 F and dry bulb of 52 F. Here 
economic water temperature is lower for mechanical draft 


draught 
draught 


and mechanical 

prevalent that natural 
to be at high than at 
load factors is probably based on the supposition that 


comparison between natural 


rhe 


towers tend 


towers belief 


more economc low 
a chimney developing free 
better position to pay for its capital charges than one 
fraction of the 
argument is correct, in itself, but there ar: 
other which cancel out its effect. The 
important of these is the fact that with higher load fac 
with larger ground 
Fig. 3b. Hence the 
Furthermore, for 
tower 


air power continuously is in a 


which develops power for only a small 
Phat 


factors 


year 
most 


tors larger towers (i.e., chimneys 


areas) are economic as shown by 


cost of the chimney also increases 


a given heat quantity supplied to it, a cooling 


chimney can develop more power on cold days than on 


hot days. Low and medium load factor stations tend 
to spend more of their operating time in the winter than 
and from that favorable to 
natural draught. Stations with very high load factors 
i.e., approaching 100 must 
as heavily in the summer as in the 
various factors mentioned above 
that station load factor has 
comparison 


in the summer spect are 


per cent inevitably be 


loaded almost winter 


Fig. 6 shows that the 
approximately cancel, i.e 
little influence on the economic 


Influence of Climate 


Fig. 7 shows the dividing lines between the econom« 
spheres of application of mechanical and natural draught 
conditions. Each curve is 


and 


towers for various climati 
based on one wet bulb temperature 


dry bulb 


associated 


which are assumed to be main 
tained throughout the Moreover, to simplify 
the calculations for this chart, it is assumed that the 


so that load factor 


temperature 
year 


towers are never on partial load, 
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Fig. 4—Economic water termperature range and condenser 
termperature difference as defined in text under ‘‘Economic 
Duty Conditions"’ is shown for natural draft cooling towers 
but apply within «1 degree F for mechanical draft cooling 


of 40 per cent is, for instance, obtained by operating the 
tower on full load for 40 per cent of the year 

rhe figure shows the very pronounced influence of the 
climate. With a mean wet bulb temperature of 40 F 
there is no economic application at all for mechanical 
draught towers, however low the exhaust heat loading; 
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Fig. 5—Curves show the conditions under which both 

mechanical and natura! draft cooling towers give the same 

overall cost of generation. Natural draft are economic 
above the curve. The dotted line is British conditions. 
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Fig. 6—The total costs of generation with mechanical draft 
towers less the total cost of generation with natural draft 
towers are shown in the solid line curves in terms of British 
pounds per year per Btu per second of full load heat rejection 


for a mean wet bulb temperature above 70 F there 1s no 
economic application for natural draught towers, for 
any foreseeable turbine exhaust heat loading. North 
ern Canada and India are examples of these two ex 
treme climatic conditions. The U. S. has average air 
temperatures about 10 F higher than Britain and this 
has no doubt contributed to the current predominance of 
mechanical draught towers in U. S. power stations, and 
the predominance of natural draught towers in British 
stations. The precise positions of the dividing line on 
Fig. 7, of course, depend on the cost data and investment 
rates, and modified data may apply in countries other 
than Britain 

With the uniform load and temperature conditions 
assumed for each curve on Fig. 7, the station load factor 
does influence the economic comparison between natural 
and mechanical draught towers to a small extent 


Economic Operation 


With 
tribution 


towers fitted with dis 
work 
range of water quantities it does not pay to shut down 
some of the towers however light the station heat load 
rhe only independent operating variable is thus the 
water quantity, and this should be reduced by cutting 
down the number of pumps on load whenever the incre 


mental generator output reaches a low value, 1. 


natural draught water 


systetas which effectively over a wid 


, when 
ever a greater economy can be obtained by reducing the 
pumping power than by improving the vacuum. This 
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Fig. 7—Above curves picture the conditions under which 
natural and mechanical draft towers give the same overall 
costs of generation. The areas above the curve lines repre- 
sent the range wherein natural draft towers are economic 


reduction in the number of pumps on load should take 


place particularly in the winter and at times of low sta 
tion lo 


With 
out some of the 


mechanical draught towers it does pay to cut 


lls 


temperatures in 


at times of light station load or 


low atmospheri order to reduce the 


tan power consul ption 
Calculations for 


but 


this article are based on single speed 
the 
n variable speed motors 1s 
the 


change in 


certain of condition extra 


speed or eve 


motors ranges 
expense of tv 

justified by the reduction in average fan 
the 


to change 


power 


overall annual 


consumptior The net 


costs is not, hov r, sufficient Figs. 6 and 


é apprecia 


j 
ind Cooling 1 ower Scheme 


hoice exists between the use of a self 


wling scheme and a cooling tower 


r would almost invariably be chosen 


becaus« works usually cost much less than the 


cooling he average vacuum obtained by river 


cooling is bette nd the pumping costs are lower 


Altogether 


Vil ol TT LSD UD for 


account for a « ipit alized 
a 240-mw 


ctors may 
station 
er, few rivers in Britain large enough 
ntire heat rejection of modern generat 

especially dry periods. More often, 
nd cooling tower schemes have to be 


be arranged in two bas« types ol 
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TABLE Il—-EXAMPLE OF DESIGN* AND ASSESSMENT Ol! 
PERFORMANCE OF TOWER AT OTHER ATMOSPHERIC 
CONDITIONS 


Amount 
Mechanical 
Draught 


Natura 
Item Draught 
Design 
Given data 
a Turbine exhaust heat loading 2000 Btu ‘sec-ft? 
b Station load factor 0.5 
Climate As shown on Table I 
Economic (@m iw) based on reference at 
mospheric conditions, ‘. 49 FF. ia= 52 
from Fig. 3), deg F 
@= for reference conditions = (2) + 49 F 
deg F 7 75.6 


26.6 


Performance of Above Tower on Hot Day (/v 
60 F. ian = 66 


‘ An r 


3, Part I 


for reference conditions (from Fig 
Btu/ ib 


from Pig. 4 


Atmospheric factors, yw & yn 
Part I 

At reference 

On hot day 

as hy) for hot da 4) x (St ja 

Btu ‘tt 


conditions 


from Fig. 3), deg I 
60 FT deg F 


* Fro 
Te ons m the 
towers are so smal! that it is 
these towers 


factors for mechanical draught 


omit steps 5 and 6 with 


atmospher x 
ssually permissible to 


Circuit (a) has a shunt across 
the towers which enables the station to operate normally 
with river cooling, the tower being brought into opera 
tion only at times of low river discharge to prevent the 
river temperature from rising to unacceptable values 
rhe provision of separate condenser pumps and cooling 
towers pumps minimizes pumping costs since most of 
the water is pumped only against the friction head in 
the condenser circuits, and not the static head of the 


circuit, shown on Fig. 8. 


tower circuit Variable speed motors may be used for 
the cooling tower pumps to facilitate river temperature 
control. With fairly 


normally be used mainly in the summer, i.e 


large rivers the tower would 
the season 
of low river discharges and high river temperatures, and 


in these circumstances mechanical draught towers would 
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f pumps 
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Weir (b) 
Fig. 8—Many installations ernploying river water for cooling 
find cooling towers can be added for times of low-river flow 
or high heat rejection. Circuit (a) uses a shunt across the 
towers and in this case the flow direction reverses in the 
river during very low river discharges. The other, circuit 
b), is a simple series connection with a weir indicated 
although this can be eliminated 
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generally be economi Reference (2) gives detailed 
calculations for such a scheme for a 240-mw station, 
where the river can absorb only 6 per cent ol the 
full load station heat rejection in the driest period of the 
year, but is yet estimated to save ipitalized amount ot 
£550,000 

rhe simple series arrangement, circuit (b), should bi 
used with smaller rivers which make only a minor con 
tribution to the cooling process, and consequently do 
not warrant the provision of two stages of pumps In 
this case the pumping power is not much less than for a 
pure cooling tower station but there remains the reduc 
tion in the capital cost of the towers, and the improve 
ment in the average vacuun 

\ common fault is to select a tower just as large as 
that which would be employed for a pure cooling tower 
station By this means much of the potential saving 
which can be derived from using river water for cooling 
is sacrificed It should be remembered that it is not 
the maximum heat load on the tower, but the heat loads 
throughout the vear which determine the economic tower 


Si7¢ 


or 4 


Ihe charts presented in this, Part II of the article, 
show the economic cooling tower duty conditions for 
all British generating stations relying solely on towers 
with an accuracy sufficient for practical purposes $y 
the use of these charts in formulating cooling tower speci 
fications substantial savings can be made relative to 
designs based on past practice Che charts may be ex 
pected to apply also for the coldest districts in the U. S., 
and similar charts could be prepared for the warmer dis 
tricts using the methods described in reference (2 Fig. 5 
of this article gives an indication of the effect of climate 

Cooling tower duty conditions will become less onerous 
as larger turbine units with inevitably larger exhaust 
heat loadings come into general us¢ rhis trend of de 
velopment will strengthen the financial advantage of 
the natural draught tower over mechanical draught 
units for British stations. It is only in combined river 
ind tower schemes or in hotter climates that the mech 
imical draught tower becomes economic for generating 
station applications 

Phe use of local rivers for supplementary cooling should 
always be investigated, since large savings often result 
With relatively large rivers a circuit should be adopted 
which avoids pumping all the water against the stati 


head of the towers 
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Saving Molybdenum and Other Alloys 


in High Pressure 


Steam Equipment 


PROF. DR. ING. R. DOLEZAL 


Ostrava, Czechoslovakia 


Availability of molybdenum and other 
alloying elements is critical in many areas 


of the world. Here is an interesting 


summation of a design philosophy advo- 
cated in some quarters to overcome or 
minimize the effects of limited alloying 
materials for high temperature steam 


service. In addition start-up recommen- 


dations differ considerably from prevalent 


U.S.A. practice. 


reduction in the consumption of molybdenum 
containing steels in superheaters can be effected 
by using molybdenum free steels for the section 
of the tubing where the temperature is below 450 C and 
using molybdenum containing perlitic steels only for the 
hotter section of the superheater. If tungsten alloyed 
perlitic steels prove satisfactory, the use of molybdenum 
free steels could be extended to temperatures up to 500 C 
(nother possibility is to replace molybdenum contafming 
steels with austenitic steels, which can be used up to 
600 C. From the cost pomt of view the latter solution 
is unfavorable 
lo utilize fully the metal material, the temperature of 
the tubing should be as near as possible to that of the 


steam For this purpose it 1s necessary to 1) exclude 


f exceeding the positive tolerances of 
, 


any possibility 
steam temperature 


iturated steam fed into the superheater 


it any spot ol the superheater, 


assure that the 


tamination so as to exclude any possi 


iS [ree Ol any cor 
bility of formation of salt dep ysits or of corrosion on the 
walls of the salt 


tamination of the steam during the superheating stage 


superheater tubes, (3) prevent con 


e.g., by the steam temperature regulation apparatus 


and (4) ensure sufficient cooling of the superheater during 
starting up of the boiler 


factors are investigated and a design ts described to fulfill 


In this paper these enumerated 


these requirements 
Design of the Superheater 


Disregarding the resistance to heat flow of the tube wall 
the temperature difference of the tube wall temperatur: 
steam temperature can be ex 


with respect to ive 


pressed by the formu! 
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where the symbols represent the following factors 


Al = difference of tube wall to steam temperature 

M positive deviation from the average steam 
temperature along the width of the pass in 
the individual spirals of the superheater 


tolerance of the steam 


admussible 
temperature regulation 
flue gas temperature change with respect to 


positive 


steam temperature drop 
heat transfer coeflicient, steam side 
heat transfer coefficient, flue gas side 


The temperature deviations, Af/,, from the averag: 
steam temperature in the individual parallel sets of tub 
ing along the pass width are due to non-uniformities in 
the temperature, speed and chemical composition of the 
flue gases, non-uniform thicknesses of ash deposits, non 
uniformities in the specific gravity and viscosity of the 
steam in the individual tubes, and unequal distribution 
of the steam among the individual tubes 

Fig. 1A shows diagrammatically the characteristics o! 
the steam temperatures and the flue gas temperatures of a 
counterilow type superheater assuming a 200 C differenc: 
between the temperatures of the right and the left sides 

f the pass for the inflowing flue gases rhe steam has 
temperature of 360 C and is fed in from the steam tem 
perature regulator. At the exit point from the super 
heater the difference in steam temperature between thx 
If the mean steam tem 
‘2 4 


left and the right sides is 84 C 
perature is 540 C, the positive deviation, Af, 


which is inadmissibly large 








Meg 42°C 


Fig. | Comparative steam temperatures and flue gas tern 

peratures in parallel sets of superheater tubing under a 

straight counterflow design, A, a subdivided superheater 

with mixing of the stearn from one stage to the next, B 

and a system of crossing the steam paths in the superheater 
in passing from one stage to the next, Cc 
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The value of At, can be reduced by subdivision into two 
or several parts of the superheater and intensive inter- 
mediate mixing of the steam passed from one stage of the 
superheater to the next, Fig. 1B. A further very effective 
measure is to cross the steam paths in the superheater 
when passing from one stage to the next, Fig. 1C. Mixing 
and crossing bring about a pressure loss in the super- 
heater. 

In cyclone and slag tap furnaces the ash content of the 
flue gases is lower than in other types of furnaces and thus 
the danger of formation of non-uniform thicknesses of 
deposits on the flue side of the tubes is reduced. 

From the point of view of the regulation of the steam 
temperature it is best to place the regulator between the 
first and second superheater stage. Thereby the response 
is quicker than if placed in front of the superheater and, 
for instance, in case of load increase only the mass of the 
second part of the superheater is cooled. 

To ensure that the saturated steam is free of contami 
nations, high pressure boilers must be provided with a 
sufficiently large steam space and also the produced 
saturated steam has to be washed to reduce its content 
in dissolved salts 

To ensure low Aj, and a,/a, values, the last stage of 
the superheater is placed into the rear pass and designed 
as a convection superheater with the flue gas and steam 
flows in the same direction. Thereby the temperature 
gradient and the heat transfer coefficient on the flue gas 
side is kept low. The heat transfer coefficient on the 
steam side depends only on the steam speed and steam 
parameters and the tube diameter. The disadvantage of 
this arrangement is that larger heating surfaces are re 
quired for the last stage, but this disadvantage is com 
pensated by the higher reliability in operation. 

For the highest steam temperatures austenitic steels 
are used in preference to perlitic ones, since their creep 
characteristics at about 600 C are more favorable. In 
this case joining of the austenitic to the perlitic section of 
the tubing is a major design problem. If a welded joint 
is made, it is very difficult to prevent deterioration of the 
material in the neighborhood of the weld joint due to dif- 
fusion of carbon and other alloying elements. At the high 
temperatures of the steam the diffusion can become very 
considerable. A further difficulty is the differing heat 
conductivity and thermal expansion coefficients of the 
two materials. In the latter part of this paper a specially 
designed mechanical joint for joining austenitic to perlitic 
steel tubes is described (See Fig. 4 

Welded-on accessories have to be used in high-pressure 
boilers. Thereby the consumption of alloy steels can be 
reduced and the problem of material for bolts does not 
arise. 


Design of the Steam Temperature Regulator 


Variations in the temperature of the superheated 
steam are due to fluctuations of the steam output and 
fluctuations on the combustion side. The temperature 
fluctuations due to output variations can be reduced 
considerably by combining radiation and convection 
superheating in the correct ratio. The fluctuations due 
to the processes on the combustion side cannot be easily 
controlled. 

The fuel position in most countries is such that fuels of 
a great variety of characteristics have to be burned in 
boilers and even if the superheater characteristic is flat 
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equipment capable of effecting rapid changes of steam 
temperature, as much as 150 C, must be used. High 
capacity steam temperature regulators are particularly 
important in slag tap furnaces where changes in the ash 
properties even of one type of coal bring about intensive 
fluctuations of the steam temperature. 

A good steam regulator has to fulfill the following re- 
quirements: The maximum positive deviation of the 
steam temperature from the rated value should be as 
small as possible, should be of the shortest possible dura- 
tion, the regulation should be aperiodic and the degree 
of regulation non-uniformities must be zero. Thus regu- 
lation with back coupling cannot be applied unless an 
elastic back coupling, or an additional impulse con- 
trolled by the direction and the speed of the temperature 
change is employed. 

In modern boilers the steam temperature is controlled 
by basic and supplementary temperature regulation. 
The basic one operates for slow changes and is of the sur- 
face type or is controlled by such means as recirculation 
of the flue gases. The supplementary regulation is al 
most invariably of the injection type and intended to 
operate mainly when sudden changes occur in the steam 
temperature. 


Superheater Protection During Starting-Up 


The safest way to start up a boiler is by heating up 
with steam from another source before ignition of the 
fire. Thereby the danger of burning through of the su- 
perheater or the boiler tubes is excluded. For this pur- 
pose full pressure steam from the main or medium pres- 
sure steam can be used. The water in the boiler thus 
warms up slowly and comes to a boil. By further feed- 
ing of steam the pressure in the boiler increases to about 3 
to 5 atmospheres. On reaching the required pressure, 
flow of steam into the superheater and thus also its cool- 
ing is ensured by venting the exhaust side. Then the 
fire can be started. Since a water-steam mixture is 
already present in the ascending tubes, there will already 
be a normal circulation in these. The heat generated in 
the combustion space will produce immediately further 
steam and thus the transition from heating up by out- 
side steam to normal operation will proceed smoothly. 

If outside steam is not available, it is advantageous to 
use a small electrically operated boiler for producing the 
necessary steam for starting up or to heat up the boiler 
water electrically instead of by outside steam. Such 
starting up also saves feedwater which otherwise would 
have to be used for protecting the economizer during the 
warming up period. 


Equipment Design by the Vitkovice Steelworks 


The high-pressure steam generator design of the Vitko- 
vice Steelworks aims at solving all the above discussed 
problems taking into consideration the described diffi- 
culties and experience gained in practical operation 

The superheaters in the Vitkovice design are of the 
multistage type with mixing and crossing of the steam 
streams. The hottest part of the superheater is placed 
into the second pass of the boiler and is built as a uni- 
directional flow, convection type superheater. Fig. 2 
shows a diagrammatic sketch of a steam superheater for 
producing 105 atmosphere, 550 C, steam 


After cleaning by the condensate the saturated steam 
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Fig. 2Schematic sketch of a double superheated tempera- 
ture regulation method—a combined surface condenser, 

and an injector, 4, to give control over final steam tempera- 
ture as devised by the Vitkovice Steelworks, Czechoslovakia 


is fed from the drum, 1, to the first superheater stage, 2 
Following this superheater stage, the surface-, 3, and the 
1, steam temperature regulators are arranged 
in series After cooling the steam in the regulators, the 
steam is heated to the rated temperature in the second 
superheater stage, 5. Cooling of the steam in the regu 
lators is effected by means of high-pressure condensate 
produced from saturated steam directly in the boiler 


injection-, 


For producing the high-pressure condensate washed 
saturated steam is drawn from the drum, 1, and fed into 


the surface condenser, 7, through the tubing, 6. There 
the saturated steam condenses at the full pressure under 
the cooling influence of the colder feedwater which flows 
through the tubing, 8. The condensate produced ac 
cumulates in the reservoir, 9, and from there it is fed 
through the tubing, 10, to the injection valve, 11, which 
controls the condensate injection into the steam in the 
regulator, 4. The high-pressure condensate produced 
from the saturated steam is of the same quality as the 
superheated steam and therefore injection of this con 
densate does not deteriorate the quality of the super 
heated steam 

The condensate in the reservoir, 9, has the same pres 
sure as the saturated steam in the boiler drum, 1, and 
the injection of the condensate into the steam in the 
regulator, 4, is effected by the pressure difference re 
sulting from the pressure loss in the first superheater 
stage plus the weight of the condensate column above the 
injection valve with a possible additional suction effect 
of the regulator if it is of the ejector type. Therefore no 
injection pump is needed 

The rate of feedwater supply to the boiler varies and 
therefore the reservoir, 9, covers the instantaneous differ 
ences between the consumption and production of con 

hus, the performance of the regulators, 3, 
is not dependent on the instantaneous rate of 


densate 


and 4, 
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feedwater supply to the boiler. The amount of con- 
densate produced is such that the consumption of the sur 
face and injection regulators is covered with an adequate 
reserve of condensate. 

The condensate which is not used by the injection 
regulator flows from the reservoir, 9, through the over 
flow tube, 12, into the surface temperature regulator, 3, 
where it becomes mixed with the recirculating water 
from the return tube, 13. The heat drawn off by cooling 
the steam in the regulator, 3, evaporates a part of the 
mixture and the water-steam mixture is transported 
through natural circulation into the cyclone separator, 
14, in which the waters is separated from the steam 
Then the water flows through the tube, 13, back to the 
Since the amount of condensate flowing 
is larger than 


regulator, 3. 
from the reservoir, 9, into the regulator, 3, 
the amount of evaporated condensate, the excess is made 
to flow from the separator through the tubing, 15, back 
to the washing drum of the boiler. Thereby the cooler 
is continuously flushed by 
undesirable c 


regulator, 3, condensate, 


preventing formation of 
The intensification of undesirable concentrations due to 


mecentrations 


evaporation in the regulator, 3, will become less the 
larger the amount of the excess condensate which flows 
back into the washing drum. 

The steam separated out in the separator, 14, 
through the tubing, 16, back to the tubing, 6, and thereby 
back into the condenser, 7. Since the flow of the excess 
condensate through the regulator, 
fication of its solids content, the steam produced by 


is fed 


3, prevents intensi 


evaporation in this regulator will be practically salt free 
In fact, its quality will be better than that of the satu 
rated steam produced in the boiler. Feeding of a practi 
cally salt free high-pressure condensate into the surface 
prevents formation of solid deposits and 
thus also corrosion. Leakage in the regulator, 3, cannot 
bring about contamination of the superheated steam, 
a situation which would require an immediate shutdown 
of the boiler 

The boiler is provided with a sampling coil, 17, in front 
of which there is a three-way slide valve, 18, to distrib 
ute the water fed through the feed valve, 19, partly to 
the sampling coil and partly to the surface condenser, 
7. The slide valve, 18, is set once only, namely during 
the test run, and it is set to supply sufficient cooling water 
even when burning coal which produces the highest tem 


regulator, 3, 


perature superheated steam. 

In addition to other advantages, the described arrange 
ment consists only of vessels and tubing. The number of 
moving parts are limited to the 3-way slide valve of the 
regulator, 3, and the valve of the injection regulator, 11 
The regulators, 3 and 4 are so controlled that the sur 
face regulator, 3, shuts off the injection regulator, 4, by 
precooling the steam and thereby reducing the quantity 
of condensate injected by the regulator, 4 

The steam temperature is measured by the control 
thermometer, 20, and maintained constant by the sur 
face regulator. The constant temperature to which 
this thermometer is set is so chosen that the rated steam 
temperature is attained after the second stage of the 
superheater even at reduced boiler output. This tem- 
perature is practically the same as that of the steam 
temperature after the first stage of the superheater, 2, 
under the lowest boiler output for which the rated steam 
temperature can still be obtained no matter what fuel is 
burned which is a desirable design point 
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The injection regulator, 4, is controlled by the thermom- 
eter, 21, and cools down the steam to such a tempera- 
ture that it becomes heated to the rated temperature in 
the second stage of the preheater. 

At low boiler loads it is not necessary at all to cool the 
steam and the entire condensate produced by the con 
denser flows through the surface regulator directly into 
the washing drum of the boiler. 

A special safety valve is fitted behind the superheater 
for protection of the superheater in case of failure of the 
regulators, 4 and 4. This valve opens when the steam 
temperature increases above the permitted tolerance 
limit. By opening this valve the steam flowing through 
the superheater is instantaneously increased by the 
amount blown off by the safety valve, which leads to a 
decrease of the temperature to within the permitted 
limits and a shutting off of the safety valve. 

The excess condensate flowing through the tubing, 15, 
into the drum, |, is used for washing the saturated steam 
The contact of the steam with the condensate on as large 
a surface as possible brings about the removal from the 
steam of a part of the salts dissolved therein, mainly sili 
cate salts. A diagrammatic drawing of the steam wash 
ing equipment is shown in Fig. 3. The boiler is fitted 
with two series connected drums. The water-steam mix 
ture from the riser tubes, 6, is introduced into the steam 
space, 7, of the drum, |, where the water separates from 
the steam and flows back into the boiler through the 
tubes, 8, by force of gravity. The saturated steam is fed 
through the steam link tubes, 9, into the washing drum, 
2. From the space behind the steel sheet, 3, of this 
drum the steam is led by the tubes, 4, below the perfo 
rated sheet, 5. The water space, 2, of this drum con 
tains a mixture of feed water and of the excess condensate 
returned to the washing drum from the steam tempera 
ture regulation circuit. 

The perforated sheet, 5, breaks up the steam flow into 
narrow streams from which the steam bubbles rise to 
the water surface. By passing through the water layer, 
the steam bubbles are purified from salt content. The 
thus purified steam flows into the superheater. The 
continuously fed-in feedwater and excess condensate 
flow into the washing drum, 2, and from there through 
the water link tubes, 10, into the main drum, 1. 

In superheaters made partly of austenitic steel, the 
Vitkovice Steelworks use for the joint between the aus 
tenitic and the perlitic sections a mechanical joint the 





Fig. 3--Schematic view of a steam-scrubbing system to 
assure moisture-free steam arriving at the superheaterinlet. 
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Fig. 4—Diagrammatic representation of a joint between aus- 
tenitic and perlite metals in a single superheater tube to get 
around a shortage of alloy steels. 


design of which is shown in Fig. 4. This joint employs 
a pressed fit, cooled by means of saturated steam to be- 
low 400 C to combat any loosening of the joint from 
creep phenomena. In addition, this cooling completely 
prevents diffusion between the austenitic and the per- 
litic steels. The amount of the saturated cooling steam 
is about | to 2 per cent of the superheated steam flowing 
through the tubing. The saturated steam flows into the 
joint with an excess pressure equal to the pressure loss 
in the perlitic part of the superheater. 

As is shown in Fig. 4, the perlitic part, 2, which has 
the lower coefficient of heat expansion, is pressed onto 
the austenitic part, 1. A tube, 3, is inserted, at the 
inside, to carry the superheated steam past the joint 
rhe space, 5, between the carrier tube, 3, and the outer 
joint, is filled with saturated steam, fed in by the tube, 4 
rhe saturated steam cools the joint, and also forms an in 
sulating layer inside the space, 5, insulating the joint from 
the hot carrier tube, 3. The length of this carrier 
tube must be large enough to prevent heating the joint 
by convection from parts at full steam temperature 
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Highlights of the Geneva 
Atomic Energy 
Conference 


r the United Nations Conference on The Peaceful 
Uses of Atomic Energy held in Geneva, Swit 
zerland, from August 8-20, more than 400 
scientific and technical papers were presented by repre 
sentatives from 72 nations throughout the world. Sub 
jects of these papers ranged from reports on fundamental 


properties of physical particles through topics in nuclear Fig. 1—Pressurized Water Reactor System 


Forced Circulation H,O or D,O 


nistry, medicine, geology, and applied engineering. 
In this brief report it is possible to highlight only a few of 
the many excellent papers that pertain to the field of 
nuclear power generation 

In a paper entitled ““Economics of Nuclear Power 
James A. Lane of the Oak Ridge National Laboratory 
outlined the AEC five-year Civilian Power Reactor 

the Industrial Power Demonstration Re 
posals thus far placed before the Commission 
AEC prototype reactor program and the indus 
full-scale proposals both deal with the types of 
reactors which studies have shown offer the most promise 
mpetitive power. These are: a, the pressurized 
reactor (PWR); 6, the boiling reactor (BWR); c, 
the sodium graphite reactor (SGR): d, the fast breeder 
reactor (FBE ind e, the aqueous homogeneous tho 
rium breeder reactor (TBR Schematic diagrams of 
these ire shown in Figs. | through 5. In the 
pressurize vater reactor (Fig. 1), a full-scale version of 
which is now being constructed by Westinghouse, either 
heavy water or ordinary water can be used as the coolant 
ind moderator with appropriate adjustment of the 
spacing and enrichment of fuel elements The Vest 
inghouse reactor uses H,.O rhe water is pumped 
between the solid fuel rods in the reactor core and then 
to a heat exchanger where steam is produced to drive a 
turbine In the botling water reactor (Fig. 2) (also using 
either H,O or DO), steam is produced directly by 
illowing boiling to occur within the reactor core rhis 
method of heat removal eliminates the heat exchanger, 
has corresponding higher thermal efficiencies and reduces 
the size of pumps and other equipment Offsetting these 
ilvantages are the required higher fuel enrichment duc 
to the presence of steam in the core and the necessity 
for enclosing the turbine and condenser within a shield 
due to the radioactivity of the water. 

Che sodium graphite reactor (Fig. 3) takes advantage 
of the high temperatures and high thermal efficiencies 
to be gained through the use of liquid sodium as the 
coolant circulates between solid fuel elements in_ the 
reactor and then through a heat exchanger where heat 
is transferred to a secondary sodium system. In con 
trast to the primary sodium, which becomes radioactive 
the secondary sodium can be circulated outside of the 

steam generator The use of sodium 

ture coolant is also applicable in the 

er reactor (Fig. 4) Here the reactor 
consists of an unmoderated core, fueled with plutoniun 
containit Sol uranium-238, and surrounded by a 


‘ 


uranium-2:S8 bla t Primary sodium 1s used to cool 


both the core and blanket in conjunction with a se 


ondary sodium sy mi, Ci if SG a ee ; 
owen, Shae }, a8 in the case of the SOR Phe Fig. 5—Aqueous Homogeneous Thorium Breeder 
lvantage of the fast breeder is the high breeding gain Reactor System 


ai 
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Do engineers blow too much? 


Of course it’s better to blow boilers too much 


than too little. But it does waste money to 
blow unnecessary heat units down the drain 
enough usually to pay in just a few months 


for a modern system of precise, carefully- 


controlled, continuous blow-down. To get all 
the facts gamble a stamp for a copy of the 
booklet on the Madden Orifice Meter; 
to The Madden Corp., 1543 W 


¢ hic ago 26, Ill 


write 


Morse Ave., 
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& COPY OF CATALOG O1VING FUL. BESCRIFTION OHO ERGINTERIEG O2TS BEET UFO BEQUEST made to v mur require 


FLEXIBLE COUPLINGS aE 


“FPSCare 
FOUNDRY wooost TIMORE 
oe te taesirwies prance: ronda INSTRUMENT COMPANY, INC. 


1040 WEST GRAND AVENUE CHICAGO 272, ILLINOIS 


Soles Representatives throughout the United Stotes ond Conodo 
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Designed for all industries 
used in all industries... 


the 


AUTOMATIC BURNER 


for oil, gas, or combination 





The Peabody PK-54 Burner has achieved full recognition 
throughout industry as an efficient, safe, dependable unit 
for any boiler application. Completely factory assembled with 
integral forced draft fan —— fire-tested and calibrated 
before shipment, the PK-54 cuts installation time, saves 
space and holds manpower requirements to a minimum. 
Sized for boilers up to 42,000 Ibs. steam per hour. With com- 
plete combustion sequence, safety and interlock controls, the 
PK-54 is the modern answer to industry's need for lower 
costs plus dependable, economical performance 


industries utilizing the PK-54 are: 


BREWERIES SCHOOLS FOOD PROCESSORS 
HOSPITALS HOTELS TEXTILES 
LAUNDRIES UTILITIES CHEMICALS 
DAIRIES PLASTICS AND MANY OTHERS 


Comple te details of how Peabody's PK-54 can fit your 
combustion requirements available on request 


PEABODY ENGINEERING CORPORATION 


$80 FIFTH AVENUE. NEW YORK 36. N.Y. 


OFFICES IN PRINCIPAL CITIES 
PEABODY LIMITED @ LONDON, SW. 1, ENGLAND 


will be started At this point it will 
be desirable, although not absolutel 
necessar » heat the circulatin 
liquids to about 400 F by injectin 
steam nto the heat exchangers 
wentrated fuel will be added 

led rate When the criti 


reached 


OT temperature 
nued additi 1 
mperature approache 
operating temperature 
extracted from the h 
to 
ments 
tration Vv 
perating 


fluid re 


neentrated 
cumulated 
mn eme;rgem 


discharge 


I present ves of the Argonn: 
National Laboratory, A. H. Barnes, L. 
J. Koch, H. O. Monson, and F. A. 
Smith, presented a paper entitled 

The Engineering Design of EBR-II 
\ Prototype Fast Neutron Reactor 
Power Plant This plant is divide 
into four major svstems which may 
defined as follows 

l rhe primary system: the re 
actor and the primary sodium cooling 
ystem 

2 Ihe secondary system the 
intermediate sodium heat transfer 
svstem 

[he steam system: the steam 
electric system 

) The fuel process system: the 
fuel recover ind fabrication facil 
ities 

[The primary system is contained 

a single vessel (referred to as the 
primary tank’’) of the compo 
nents in the primar sm, including 
the reactor th | nary sodiun 
pumps and 
changer, at 
storage S 
sodium 

The reactor 
core of uraniun 
the approximate sl 
evlinder, surrounded on rs 
a uranium breeding blanket The 
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wer density 1s approxi 
liter, and the average 


approximately 1 
hr Reactor coohng 
lem, not only during 
ilso after shutdown 
tention, therefore, is 
lary cooling systen 

lanket material 


bassemblies 


most 7 
position 


oe, UNDER A BLANKET 


or GUST... 


upward 
nd then 


nf Hn, wv) 





ne 


Your plant and equipment suffers . . . your 
community goodwill fades away. These problems 
can be solved. Prat-Daniel Collectors are 
designed for the control of industrial dusts 
and fiyash. Multiple small diameter tubes 
provide powerful centrifugal forces, 
resulting in sustained high collection efficiency 

. even with ultra-fine dusts. 


Whether the problem is industrial dust 
or flyash, you are assured of satisfaction with 
P-D Collector Systems, engineered to meet 
your specific needs 


Write for Reprint No. 102 titled, 
“What Type Collector?” 


‘ tri | Kil watt 
Chauncey Starr, vice 


Project Engineers 


THE THERMIX CORPORATION 


GREENWICH, CONN 
Offices in 36 Principal Cities 
Coenedian Affilictes: T. C. CHOWN, LTD. Montreo! 25, Que. Torente 5, Ont, 
Designers and Manutocturers 


PRAT-DANIEL CORPORATION 


SOUTH NORWALK, CONN, 
POWER DIVISION: Tubular Dust Collectors, Forced Draft Fans, Air Prehesters, induced Draft Fans, Fan Stacks 
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Reliance 


EYE-HYE 


Simple as A-B-C, yet 
accurate, safe,dependable 


Make your boilers and power plant safer from 
water level failure. Use an EYE-HYE on each 
boiler. Engineers can't miss seeing this reliable, 
accurate device that carries water level reading 
to panel or convenient wall position. 


Simplicity is the secret of EYE-HYE’s depend- 
able full-range accuracy — all hydrostatic 
operation, no mechanical working parts. Fac- 
tory-calibrated to your water level range and 
working steam pressure — cannot be tampered 
with. Nothing to adjust during installation. 
Easy to install, practically no mainte- 
nance. Complete “Unitemp” tempera- 
ture equalizing unit is furnished with 
each EYE-HYE. 

Reliance EYE-HYE is a familiar sight in 
thousands of power plants. Models for 
any remote gage need — any pressure. 
Write the factory or nearest Reliance Rep- 
resentative for Bulletin CO. 


The Reliance Gauge Column Company 
5902 Carnegie Avenve ® - Cleveland 3, Ohio 





\ Get 
BOILER SAFETY DEVICES 


conditions and high thermal effi 
ciency in the power conversion equip 
ment 
2 rhe reactor can be adapted to 
a variety of fuel elements and op 
erating conditions Both slightly en 
riched uranium or a Th-U235 fuel 
may be used 

} There are no chemical incom 
patibilities in the fuel element, cool 
ant, structure combination 

1 The absence of releasable po 
tential energy from _ pressurization 
or chemical reactions increases the 
inherent safety of this reactor sys 
tem and permits the plant con 
figuration to be easily arranged to 
contain radioactivity under all cir 
cumstances 

In selecting the steam cycle for a 
nuclear steam-electric station a com 
promise must be made between 
maximum heat generation from 


) 


given reactor and maximum con 
version of this heat into electri 
energ i maximum thermal efh 
ciem 
Heat removal from a reactor fuel 
element depends on the temperature 
drive from the center to the surface 
Due to the excellent heat transfer 
characteristics of sodium, the temper 
ature gradient between the fuel elk 
ment surface and the sodium coolant 
is quite small Therefore, heat reé 
moval from the reactor depends pri 
marily upon the difference betwee: 
the center temperature of each fuel 
element and the average temperature 
of the liquid sodium flowing up and 
through each fuel channel rhe pres 
ent state of metallurgical develop 
ment sets an upper limit upon fuel 
element center temperature There 
fore n increase in heat generation 
constant sodium velocity can only 
be accomplished by lowering the 
iverage sodium temperature 
onversion of thermal power to 
power (i thermal effi 
decreases with 1 decrease 
age sodium temperature 
ven heat sink, the efficien 
heat cycle is determined b 
erage temperature of heat ad 
1 to the system hus, in order 
btain a high thermal efficien 
fairl high average sodium tem 
perature is required 
Ihe non-reheat regenerative steam 
cycle appears to be the optimum 
choice at this time In conventional 
fuel fired stations fuel economy can be 
considerably increased by the use of 
five or more extraction feedwater 
heaters, which raise the temperature 
the feedwater to about 400 F In 
i nuclear plant, however, a hig! 
feedwater temperature has a detri 
mental effect It either lowers the 
maximum possible steam pressure 


with a consequent loss in cycle effi 
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the United States have shown a 
reduction in price to $28 per Ib. At 
this price and with reactor designs 
which minimize the D,O investment 
per unit of heat output, the direct 
charges against D.O can be reduced 
to less than | mill per kwhr of elec 
tricity produced. This charge for 
D.O then becomes significantly less 
than the cost of the fuel in a heavy 
water reactor and very much less 


tsame Mats eam, ABSOLUTE than the cost of fuel in reactors using 


other moderators in conjunction with 
enriched uranium 
Direct-cycle boiling reactor power 
plants are particularly well suited to 
use of D.O as moderator and coolant 
{Au COMTIONS G00 PRIG/ OrS*s rhe only D,O required outside the re 
Fig. 6—Preliminary heat balance for 75-mw central station sodium actor is @ very small amount in the 
form of steam and condensate In a 


graphite reactor 
pressurized water type the amount of 


D,O required in external pipes, boilers 


reactor power absorption cross section for thermal and pumps approximates that in the 
im reactor neutrons gives heavy water a mod reactor itself 
erating ratio (slowing down power The advantages of D,O moderator 


not result in any 
best realized in reactors of large 


tion in either capital divided by absorption cross section are 
yperating costs, where far greater than any other material physical size lo achieve 
iwaier temperature In the past the chief disadvantage and operate at high temperature with 
installation of of D.O as a moderator has been its natural uranium fuel, D,.O-moderated 
) it or more 


criticality 


the 


f about high cost which ranged up to $100 reactor cores must be 
per Ib. Considering the amount of in diameter. When the reflector is 


it a cost ol 


Previous studies 
DO required per megawatt of heat taken into account, a pressure vessel 


pest regenerative 
uutput, the cost of the D.O alone having a diameter of at least 15 [t is 


ure lor nuclear 
to imounted to between 1.4 and 7 mills required. For a boiling reactor ¢ 

per kwhr of saleable electricity erating 600 psi steam, the thickne 
quotations for DO in the pressure vessel wall would be 


en 


e from 250 | 
iol 


under consideration More recent 


the mean temy ature of the primary 





sodium | ing the reactor has been 
limited t F and a non-reheat re 
generative le with 800 psig, 825 I 
throttle nd ns and a feedwater 
temperature o 1) F has been chosen 
The chow f psig, 825 F repre 
sent pears to be the best 
comprom between a low cycle heat 
rate, adeq temperature drives in 
water heat exchangers 

moisture in the tur 


eedwater-he ng — : 
elected to obtain a 4 ; ‘Ca 3 
mperature of 300 I i ta% Ce 
valance calculations “As as 
Aa \/ } 
cle t 1 4| A a /\ 


» * 


600 T. P. H. Coal Handling Installation at Astoria Station, 


tothe ’ ; : oe - - a H. > Consolidated Edison Company of New York, Inc. 
Iskenderian, L. E. Link, M. Treshow, 
and J. M. West of Argonne National 


La T i th heavy water 


—CONVEYING SYSTEMS FOR EVERY PURPOSE— 


neeting technical 


ideal moderator SY-CO CORPORATION 


iterials which are 


is moderato 
“rw P. O. BOX 388 LYNDHURST, N. Y. 
power 
GEneva 8-2737 








low 
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You can’t weigh coal 

in any scale until you 

get it through the inlet. 

Richardson engineers 

have concluded that the 

only sure way to keep wet, fine 

coal flowing—without shakers or 

vibrators—is to make that inlet BIG ENOUGH. 

So they opened up the “wasp waist” to a full 24” x 24”, and 

around it they built the best coal scale it was possible to 

develop from fifty years’ experience, the Richardson H-39. 
If you're interested in maximum coal scale efficiency at 

wholly reasonable cost, specify a 24” x 24” minimum, and 

know that your coal will flow. That is the starting point from 

which the H-39 is soundly engineered in every feature, every 

detail. It’s built as a coal scale should be, from the inside out, 

with a full 4 square feet of inlet. Get all the details, mechanical 

specifications, and drawings in Bulletin 0352. 


RICHARDSON SCALE COMPANY 
Clifton, New Jersey 


Atlenta * Boston * Buffalo * Chicago 
Detroit * Houston * Memphis * M poli 
New York * Omoho * Philadelphic * Pitts- 
burgh * San Francisco * Wichita * Montreal 


os «82 oor + Hovona + Mexico City 





Fig. 7—Elevation view of central sta- 
tion 1000-mw D,.O boiling reactor 


ibout 4 in. For a pressurized water 
reactor operating at 2000 psi in order 
to generate 600 psi steam in external 
boilers, the wall thickness of the 
pressure vessel would be so great that 
fabrication would be extremely difh 
cult, if not impossible 

he choice of an optimum reactor 


production depends 


design for power 
upon the assumptions which must be 
made regarding availability of slightly 
enriched uranium and on the amount 

power desired per reactor If 


natural uranium is available 
ID. reactors are necessarily, large 
and H.O reactors are excluded en 

A D,O natural uranium re 
ctor, which is large in physical size 
and capital investment, must produce 
large quantities of heat if the unit 
cost of this heat is to be reasonable 
Che design of a central station with a 
boiling D.O reactor, utilizing natural 
uranium fuel, capable of producing 
1000 megawatts of heat is shown 


in Fig. 7 


sian Atomic Power Station 


In a paper entitled ‘‘The First At- 
omic Power Station of the USSR 
and the Prospects of Atomic Power 
Development D. I. Bilokhintsev 
and N. A. Nikolayev of the USSR 
stated that the first industrial atomic 
power station in that country went 
into service on June 27, 1954, gen 
erating electricity from the energy 
fission of uranium nuclei The au 
thors described some of the studies 
ind experiments that were carried 
ut by the Academy of Sciences of the 
USSR and provided a bibliograph 
showing eighteen papers relating to 
the development of nuclear power 
lants 

Designed for a power output 
000 kw, the atomic power station 

ntaims a pressurized water-cooled 
thermal uramium-graphite reactor 
with a rated heat-generating capacit 

30,000 kw The average flux is 

x 10°? neutrons per cm?’ per second 

The atomic fuel is enriched ura 
nium contaiming 5 per cent of U-235 
the total charge being 550 kg Phe 
heat transfer svstem consists of tw 
circuits: the water of the first circuit 
which circulates through the reactor 
is under a pressure of 100 atm and 
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low 
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Sta 
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almost 
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graph 
roper clearance 
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brik k 
a long 
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trying the 
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rin case of a rupture 
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hannel 
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to interrupt the 
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remove 


device 
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sion products 
e excessive actr' 
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CHICAGO EXPOSITION 
OF POWER & 
MECHANICAL ENGINEERING 


ENGINEERING INTEREST 
CONVERGES ON ¥ hk: 


CHICAGO mmp § 1O%r 


2 1S" Ammveesary 


COLISEUM a, 
NOV. 14-18 2 


A TWO-FOR-ONE EVENT! 


The Exposition is under the auspices of the ASME—and is in con- 
junction with the Society's final 75TH ANNIVERSARY MEETING. 
This great Diamond Jubilee Meeting, marking three-quarters of a 
century of engineering progress, has as its theme “THE ENGINEER 
AND THE WORLD OF COMMERCE AND INDUSTRY.” 


AT THE EXPOSITION YOU'LL SEE new ways to put power to work for 
greater productiveness and economy—a world of new, helpful 


information under one roof! 


Be sure to see the CHICAGO EXPOSITION OF POWER & ME- 
CHANICAL ENGINEERING when you attend the 75TH ANNIVER- 
SARY MEETING of ASME. Write 


the Exposition Management today for advance registration. 


Put it on your calendar now! 


CHICAGO EXPOSITION OF 
POWER & MECHANICAL ENGINEERING 
Under the auspices of the ASME 


International Exposition Company 
New York 17,N. Y 


Management: 
480 Lexington Avenue 
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Super Finish Stic-Tite 
is Mighty Fast when it comes to 





Superior One-Cogt Finish — Smooth 
— Clean — White — Attractive — 
Hard — Easy to paint or to coat 
for outdoors service 


Greater Coverage — 80 sq. ft., " 
thick, per 100 Ibs. of cement — 
double the coverage of asbestos 
cement. 


Best Adhesiveness — can be trow- 
eled to full thickness in one coat, 
saving time and labor and elimi- 
nating need for a roughing coat. 


firmness — No Checking — No 
Cracking — No Shrinkage. 


@ Maximum Resistance to impact 
and abrasion, water and steam. 


@ Excellent Insulation at tempera- 
tures to 1700° F. 


Super Finish Stic-Tite Insulating 
Cement is truly your best hard 
finish covering for insulating 
block, blankets and other insv- 
lating bases on flanges, fittings; 
short runs of pipe; boiler, tank, 
fan and heater surfaces. 


Packed in 25-ib. bags. Weighs 
only 30 Ibs. per cu.ft. Ask for 
sample bag. You'll be convinced. 


REFRACTORY & INSULATION CORP. 


REFRACTORY 


INSULATING 86 


BONDING 


< 


AND CASTABLE CEMENTS 


K. BLANKETS AND CEMENTS 


124 WALL STREET. NEW YORK 5, N. Y. 


ac h 


of a water 


team generator 


consists heater i water 


and a steam-superheater 


' 
the primat and sex 


evaporator 
The water ot 
‘ 


ondar circuit in the steam 


erators moves according to the 
current principle 

The water of the primar 
leave the team generators at 
ibout 90 C and et 


of the 


perature of 


the inlet pipe main circulation 


pumps f which there 


lhree are in operation at p 


utput msuring water 

4) metru tor 

pump ts in reserve 
pecial feed 

primar 


water to the | 
the aid of 


cunt These pump with 
in automatic device, feed the water 
to seals of the main circulation pumy 
in such a wa that the pre 

this water ilwa O5 atm 
the water pressure in the 


This insure ih 
prevents the 


draulic s¢ 
radioactive water 
main pump Irom penetratit 
the shaft 

It hould be noted 


water i the 


that 
primar circurt 
away from the reactor, it activi 


graduall fall Phe 


water « 


ictivit a othe 
oming out of the reactor 1s due 
activit i per liter 
hort deca 
inlet of the 


the activit of the 


to oxvgen curt 


with a period ‘ er 

whereas at the reactor 
water P10 

due basically to 


cures per liter) 1s 


ictivil of impurities 
of the secondar 


d b 


heater of the 


The water 
the condensate 1s ‘ 
pumy to the 
then enters the ¢ 


which the level 1 


generator it 


oratof#r im man 


tained constant by a special auto 


matic device from the evaporator 


the team enters the team 
heater At 


the station, the three operating groups 


super 
peak power output of 
of steam generators produce 40 metri 


steam per hour at a pressure 


itm and at a temperature ol 


r4 


Oper 


tation 
l\Yo4, at 


Since the atom 
was started up on June 
variou 


has been tested in operation 


and has produced about 
kwhr of 


experience has 


conditions 
15 millon electric 


rhis 


possible the following conclusions 


energy 
operation made 
tation 
of the 
prove 


l During operation of the 
there has not been a single case 
rhis 
from the 


fuel elements failing 
that the 


nium elements to the 


heat-transfer ura 
water proceeds 
regularly without disturbances, and 
that the 
the tubes is a reliable material for work 


of the 


stainless steel selected for 


reactor? Lye 


in the active zone 
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preliminary lab 
test i he fuel element 
made such probable, a ma 
test, in the 1 ctor of the station, of 
these mo rtant might 
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parts 


lave prod lesirable conti 
gencit he durability of the fuel 
elemen ired reliable operatvior 


the etr vet tation a 


lation pumy 
yeneratofr ] 
rked with 
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t during instal 
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yreat attent >the qualits 
{ welding { welded joint 
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distillate primary 
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tha t r I the 


STANDARD 
RED LINE 
K 
CLEAR 
Up te 500 ibs. 
MASTER 
CLEAR & RED LINE 
EXTRA STRONG 
Up te 600 Ibs. 


Made in Lengths up to 144” Long 
And Ovtside Diameters %", 4", %", 
%", 7", 1", 1%", 1". 
High Pressure Composition 
ERNST RUBBER GASKETS 


All sizes to fit your goges and valves 


#16. 21—Lip Mold FIG. 22—Standerd 


ERNST WATER COLUMN & GAGE CO. 


Send for Catalog LIVINGSTON, M. J. 
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rhe equipment of the = sec +. During operation of the station 


ndary circuit is of conventional type 1 detailed study was made of the 


But it was important to know how efficiency of the biological protection 


flexible the control of the whole It turned out that the gamma radia 


cheme of the station was At first trom intensity in the station, at nom 


uncertainty in the considerabl 


ontrolability of the 


there was a litth inal reactor power, wa 


whole reactor le than the biological tolerance dose 


team generator——turbine setup, ¢ When the apparatus ts being unloaded 


pecially in transition operation con the protective 
\ tudy of 
established = the fact that ir? 
i cold stat 


down for 


walls of the tation 


startup con completely afeguard work in the 


inding room Protection of the 


tartup from for example " f the steam generators, the 


fter being hut repair purmy ind pipelines of the primar 


be carried out in > to 2 hour hkewise safeguard the ser 


the team during thi period i rachation 


delivered to the 


QUALITY 
CONTROLLED 


at a fraction of 
Distillation Cost 


tartup condenser yuri the Lime the 


j 


| : ; = 
0 4*/X Demineralizere 
Pt: Less than 


1/2 ppm 
T.D.S. 


Industry's finest selection of Mono-Bed 
and Two-Bed Systems. . . . Indivi- 
dually designed to the 
requirements of your raw 

water supply. Our Engineers 

are at your disposal, to discuss 
your problem... Survey 
your requirements 


Prepare recommendations Lies thee 


1/10 ppm 
Si 0, 


and estimates. 


WRITE TODAY 
for 
COMPLETE 
DETAILS 
or 
Send for 


FREE 
Bulletin DM-4 
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SOFTENERS “5 
DEMINERALIZERS 
FILTERS 
LIME TREATMENT 
DEAERATING HEATERS 
ZEOLITES 
RESINS 





a ‘. 
: 
‘8 Cm Ly 


L * A WATER SOFTENER COMPANY 
1007 Air Way, Glendale 1 


REPRESENTATIVES IN PRINCIPAL CITIES 


California 





been operating there has not been a 
single case of over-irradiation of 
Each worker at the sta 
photo 


personnel 


tion has control dosimetri 
plate-holders and undergoes periodi 
cal medical examination No harm 
ful influence of the work of the station 
on the health of the workers has been 


obs rTve d 





Personals 








E. P. Allis, president 

Allis Company since 

, yt of chairman of the 

board ! promotor | John Ww. 

Allis from vice 

was announced by the 
ws of The Louis Allis Compan 

Dr. B. D. Thomas, David C. Min- 

ton, Jr., and John S. Crout, associat 

director f the Battelle Institut 

h 


president to president 


board of dire 


nd fitting 
igned for use in nuclear power 
mpany 1s estab 


lishing a new research and develop 
ment division at Boston Dr. For- 
est C. Monkman, Jr., of Boston 
has been named director of the pro 


tem Walworth C: 


ul 
J. P. Wiseman, president 
Fluor Corporation of Canada 

la half ears, ha 

i newly estab 

f the Fluor 

G. Bounds, 

ganization 

to succeed 

Wiseman a ident of the Ca 

nadian affiliat 

Otmar E. 


anager of the heat-power research 


Teichmann, associate 
partment at Armour Research 
yuundation f Illinois Institute of 
rechnology, has been named manager 


ucceed Wilson 


resigned to sccept a 


of the department to 
P. Green, who 
position in industr 
{ James E. Travis 
af the AEC’s Hanford 
Richland, Washing 
ton, has Ken- 
neth E. Fields, general manager of the 
Atomic Energy Commussion 


Donald H. Larsen has 


pointed fuel consultant, northern New 


Phe promoti 
to manager 
Operations Office 


been announced by 


been ap 


York area for the United Eastern 


Coal Sales Cory 


FLOW INDICATORS 


® CATA 
\ 


ERNST at 
Water Column & Gage Co Cy 


Robert S. Reaves has been made 
assistant to the vice president, di 
rector of engineering, tractor group 
Allis-Chalmers Mfg. Co 
Harold W. Schudt, now president of 
Canadian Allis-Chalmers, Ltd an 
Allis-Chalmers subsidiar 

Carroll F. Hardy, after eighteen 
ears in the employ of 
Coals, Inc the last thirteen as chief 
engineer has position 
with National Coal 
director of sales engineering 

Dr. George A. Agoston, 
senior research engineer with Califor 
has joined 


su ceeding 


Appalachian 


accepted a 


Association as 
lormer 


nia Institute of Technology 
the physical sciences division of Stan 
ford Research Institute as a semior 
physicist 

Frank L. Wilhelm has been elected 
issistant vice president of The Rust 
Engineering Co. with his headquarters 
in the company’s home office in Pitts 
burgh where he will handle operational 
duties in connection with the com 

S$ activities 

Engineering and construction op 
Fluor Corp. are be 
ing combined into one division under 
M. A. Ellsworth, 


vice president and general manager 


erations of The 
the direction of 


Ellsworth had served as vice presi 
dent in charge of the sales division 
since November, 1952 

George N. Decker has been named 
Kellogg 
Division, American Brake Shoe Co 
William H. Starbuck has been named 


Sintermet Dh 


first vice president of the 


ice president of the 
ision and Fred L. Cogswell has su 
eeded Mr. Starbuck a ice president 
tf the Kellogg Divisior 

H. B. Lammers, Jr., will join the 

ff of Appalachian ¢ ls, Ime as 
chief engineer succeeding Carroll F. 
Hardy. Mr Lammers has been 
hairman and director of engineering 
for the Coal Producer 
Smoke Abatement 

Le Roi Div. of the Westinghouse 
Air Brake Co. has appointed H. J. 
Buttner as manager of engines 


( ommnttee tor 





Obituaries 








John C. Mahoney, superintendent 
of General Electric Company turbine 
installations for prior 
to his retirement in June, 1943, died 
August 
known 


many years 
in Schenectady this past 
Mr. Mahoney was widely 
throughout the utility 

John H. Collier, 70 
ident, and chairman of the board of 
Crane Co 
his home in 
after a long illness 

Herbert J. French, 62, vice pres 
ident of The International Nickel 
Co., Inc., died August 17, 1955 after 
an extended illness 


industry 
former pres 

died during the summer at 

Fairfield, Connecticut 


ENDABILITY.. 


A good coal must be dependable. 
Unfortunately, dependability is 
easily overlooked until found 


wanting. 


At our Enos and Enoco Mines... 


Two modern tipples have the capacity 
to produce thousands of tons daily of 
carefully prepared quality coals. 
Proven reserves assure abundant sup- 


plies for years to come. 


That's why you can depend on prompt 
delivery, uniform size-consist and a 
life-time supply when ordering Enos 
or Enoco coals. If you are looking for 
quality plus dependability, 
at te, 
Place a trial order. 
Make a test comparison. 
im 


THE ENOS COAL 
MINING COMPANY 


Sales Offices for Enos and Enoco Coals 


1405 Merchants Bank Bidg. 310 S. Michigan Ave 
Indianapolis 4, indiana Chicago 4, lilinois 
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A New Tool For 


Boiler Operation .. 


j ) ae we 
4. a. +% 


ta : . 


- 


with RCA Industrial 


, 


During light-off . . . to determine whether all burners are 

operating properly ... changing fuels... or to check opera- 

tion of burners... RCA Industrial TV with new water-cooled 

window, permits safe, convenient observation at the control 

panel 24 hours a day. Thus quick adjustment, above and be- 
To observe tangential firing, yond ordinary flame-failure safeguards, is a reality. 


water-cooled window can be in- 
stalled at top of furmace . . . to 
observe direct firing, on the side Observe smoke, combustion and ignition in furnaces, water 
of the furnace 
level in boiler drums, or solve other difficult control 





problems the fail-safe way with high-detail RCA Industrial 
TV. Complete engineered package now available for power 
plants, plus installation and maintenance available through 
RCA Service Company. Years of television experience, 
hundreds of industrial applications, and RCA... the world’s 
best name for quality, stand behind every installation of this 


equipment. RCA Service available throughout the country. 











High-capacity blower and pump ; 
unit can serve two windows. Use coupon below for latest literature. 


Radio Corporation of America 


Dept. L-187, Building 15-1, Camden, N. J. 


K 


RADIO CORPORATION 
of AMERICA 


CAMDEN, N. J. 


in Canada: RCA VICTOR Company Limited, Montrea' 


Please send me information on RCA Industrial TV. 


Name Title 
Company 
Address 


City Zone 
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OAK CREEK STATION « Wisconsin Electric Power Company 
An Engineering Triumph 
in Efficient Power Station Planning 


Oak Creek Station stands as a tribute to the outstand- 
ing planning of Wisconsin Electric Power Company's 
own engineering staff. It is, indeed, significant that 
Rex® Equipment was selected for the big coal-handling 
job in producing 240,000 k.w. capacity. 

CHAIN Belt Company Engineers were called upon 
to assist in developing a dependable, trouble-free coal- 
conveying system that would easily take care of future 
station capacity expansion.* The result: typical of what 
you can expect with help from CHAIN Belt technicians. 


When planning a new coal-handling layout or con- 
sidering the modernization of your present system, you, 
too, can benefit from the experience and specialized 
skills of CHAIN Belt Conveying Engineers and the top 
performance of Rex quality coal-handling equipment. 


Just contact your nearest CHAIN Belt District Sales 


Office or write to CHAIN Belt Company, 4784 W. 
Greenfield Ave., Milwaukee 1, Wisconsin. 

*An additional 120,000 k.w. capacity is planned for 
this year 


CHAISE! BELT COMPANY 


District Sales Offices in principal cities 


September 1955—COMBUSTION 








‘RPEEN ~" 
GREK! 
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MANY VOLUME-PRESSURE 
COMBINATIONS 


Thus you can obtain from Green not only the modernized 
1955 version of the AIRFOIL Type of Fan made by us back 
during the World War 1 era but you can probably get much 
closer to your actual draft requirements at high guaranteed 
efficiencies than with other types of fans. 

Six different designs provide a dozen combinations of dia- 
meter, width, shroud angle, blade angle, blade length and 
other influencing factors. You will be getting exactly whot 
you need in the way of volume, pressure, and speed at the 
most efficient point. 

When writing for complete details of the modernized re- 
designed line of Green GALEX AIRFOIL Type Draft Fans, tell 
us as much about your requirements as you can disclose at 
this time. It will help us to choose the best GALEX Fan for 
your anticipated draft problem. 


GREEN AIRFOIL TYPE FAN 
cha @X ran 


ECONOMIZER COMPANY, 
BEACON 3, NEW YORK 








Deaerating Condenser Exceeds Guaranteed Performance 


gvarantee actual performance 


Condensate depression 0 i?) 


ce of oxygen per liter in condensate 0.01 no measurable amount 


This 50,000 sq. ft. steam surface condenser was air in the cold make-up were handled with 
installed by Lummus for Carolina Power & Light plete removal of oxygen and other dissolved 
Company, Goldsboro am Electric Generating with any u h 
Plant, Goldsboro, N.C., Eb: » Services, consult Lummus-designed equipment gives results of 
ng engineers. The unit is a deaerating type c: this caliber consistently. May we sit in with your 
denser of Lummus’ patented design, serving a engineers on the project coming j 
66,000 KW turbine 
After three years of operation, it is still : THE LUMMUS COMPANY, Heat ! 
Ma n Avenue, New York 17, N 


ing and exceeding the original performance guar 


com 
gas 


out ar nbalancing of the systen 


: 
antees, as tabulated above inder all conditions 
of operatior 

The unit was designed to condense 400,000 
pounds/hr. of exhaust steam from the turbine at 
2.10 Hg. abs. and deaerate the condensat« lr 
addition to the condensate the unit must deaerate 
at- 
ers and 100,000 pounds, hr. of cold make-up water 


at ambient temperature The drains and make ip 


50,000 pe nds /hr. of drains from feed-water he 


water enter the cor der ser above the tube bank 
nd are deaerated in the Lummus patented cd 


ration section. Tests run with supersaturation of 


“= LUM 


THE LUMMUS COMPANY, HEAT EXCHANGER DIVISION © 385 MADISON AVENUE, NEW YORK 17, N. Y 
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HEATER 
EFFICIENCY 
RESTORED 


Chemical cleaning by Dowell removed 
scale from four feed-water heaters in 
less than one day. 


e had greatly reduced the 
heaters in a power plant. 


clean the heaters in 


cthlons to permit circu 
omplex tubing of all 
eaters were cleaned in 
lemperature Differences 


eaning, were greatl 





TERMINAL DIFFERENCE 
Before Cleaning After Cleaning 


16°F 9'A’F 
22°F 5°F 
22°F 7 V. 
26°F 2°F 











introduced through 
tling and downtime are 
solvents will go wher 
leaning all curves, angles 
to the smallest tubing 
ire cleaned while in 


Keep your plant re t t its best. Call your near 
est Dowell office for full information on how chemical 


Or write Dowell Incorporated, 


‘ leaning can seTve 


lulsa 1, Oklahoma, Department I-25 


chemical cleaning service for industry 


<a 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 














PER CENT 


UNBURNED GAS 
LOSS 


HEAT LOST IN FLUE GASES 












+ 


TOTAL AIR - PER CENT 


The new Bailey Oxygen-Combustibles Analyzer-Recorder (shown at 
right) provides a continuous two-in-one check of combustion efficiency 
by recording both oxygen and combustibles in flue gos. As shown by 
above chart, both measurements are needed to determine combustion 
efficiency. 


BAILEY announces.::-- 


New 2 in 1 way to measure 
Combustion Efficiency 


The new Bailey Oxygen-Combustibles Analyzer-Recorder gives you a continuing double 








check on combustion economy. It’s fast response measures and records: 
1. Excess air —regardless of the fuel or combinations of fuels being burned. 


2. The mixing efficiency of your fuel-burning equipment —by indicating the amount 


of combustibles in your flue gas, resulting from incomplete mixing of fuel and air. 


Combustion efficiency depends upon fuel-air sharply if there are further decreases in the air-fuel 


gases must be ana- 


ratio. Too much fuel can be even more costly than ratio. That's why combustion g 


too much air 


And because of the interdependence 

of these two factors, no control that measures only 

one of them can give you complete protection. 
Now. 


a single fast 


for the first time. vou can check both with 
acting imetrument, using the new 
Bailey Oxvgen-Combustibles Analyzer-Recorder 


for industrial furnaces, kilns, heaters and boilers. 


Fuel economy improves as excess air is reduced 


—until unburned fuel begins to show up in the flue gas. 


When this happens, combustion efficiency drops off 


BAILEY METER COMPANY 


1025 IVANHOE ROAD 


lyzed for both oxygen and combustibles to get a true 
indication of efficiency—and that is why Bailey 
coordinates both measurements on the same chart, 
to show when excess air may be reduced safely with- 


out danger of greater losses from unburned gases. 


The Bailey Oxygen-Combustibles Analyzer is 


an approv ed combustion safeguard. 
Ask your local Bailey engineer for suggestions 


on application. Equipment details in Product 


Specifications E65-1 and E12-5. P31-1 





©® CLEVELAND 10, OHIO 
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NEW UUAL- HANDLING 





with the 
ALLIS-CHALMERS [)).1 


NEW POWER is provided by the modern, 105-hp Allis- 
Chalmers diesel. Tornado turbulence and “follow- 
through” combustion mean cleaner burning and 
more power from fuel, as well as smoother engine 
performance and extra long engine life. Added 
power pays off in extra crowding and loading abil- 
ity, fast work cycles 


NEW CAPACITY Big 2'4-yd standard bucket is 
streamlined to roll in large loads more easily. Im- 
proved design cuts spillage, clean dumping saves 
time and effort shaking out loads. Optional 21, 
yd tip-back bucket rolls back 25 degrees at ground 
level, handles bigger loads of loose material 


NEW STABILITY — Extra-long track with almost 9 ft 
of track on the ground plus 8 truck wheels on 
each side and 32,000 lb of weight, give the HD-11G 
unusual! stability, plenty of traction 


Stop in soon and see the 
production-boosting HD-11G 
at your Allis-Chalmers dealer's 





2Va-yd Standard Bucket 
3%-yd Light-Materials Bucket 
105 net engine hp 

32,000 Ib 

11-ft, 7-in. dump height 


G TRACTOR SHOVEL 


NEW-TYPE HYDRAULIC SYSTEM is simpler, safer, eas- 
ier to maintain. Tank has fewer external fittings. 
Magnetic filters and suction-line screens protect 
entire system. Hydraulic pump offers fast action, 
long life. 


NEW OPERATOR CONVENIENCE — The HD-11G fea- 
tures easily controlled, accurate bucket action; re 
duced lever pull with new-type clutch; full vision; 
roomy platform; foam rubber seat; 60-gal fuel tank 


NEW DEPENDABILITY AND SERVICING EASE result 
from such features as heavy-duty truck wheels and 
idlers; new, long-life track; new-type, long-lasting, 
ceramic master clutch lining; unit construction’s 
quick disassembly and assembly of major parts; 
1,000-hour lubrication intervals for roller bearing 
truck wheels, support rollers and idlers 


CONSTRUCTION MACHINERY DIVISION, MILWAUKEE 1, WISCONSIN 


ALLIS-CHALMERS <0 






BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


Bayer Balanced Valves are 
famous for their long life 


and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


ngle Chain Balanced 


t Cleaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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WESTINGHOUSE FANS WITH AIRFOIL BLADING 
REDUCE NOISE INTENSITY 65% 


Sturtevant’s application of the Airfoil principle to Centrifugal Fan 


wheel design not only reduces turbulence and resultant noise 
intensity ... but also provides highest mechanical effi- 
ciency ... up to 92%. It means that Westinghouse-Sturtevant 
Heavy-Duty Centrifugal Fans, with their smooth Airflow patter 

t | ‘ 


operate at lowest cCosl 


FACT: They are the most economical Centrifugal Fans 
you can select for power generation. 

Westinghouse Airfoil blading assures true, non 

wer. 2. Self limiting horsepower character 

Wheel 


non-overloading fans facilitate direct co 


istic reaches im in normal range of selection. 3 


proportions 


| squirrel cage induction motors 


utilities have installed Westinghouse 


Draft 


ting costs 


Sturtevant ri echanical Fans to benefit from ad 


vanced desigi ver opera quieter operatior 


t 


your nearest Westinghouse-Sturtevar 
Man With The Facts” 


MORE | 


Sales I ngineer ne tne im 


or ! 


_ AIRFOIL 
BLADING 


Westinghouse Airfoil Fans ideal for parallel operation 


These and other leading Utilities 
have selected Westinghouse Airfoil Fans: 


® Cincinnati Gas & Electric 
Company 


© Consolidated Edison 
New York 

Indiana-Kentucky 

Electric Corp 

Ohio Valley Electric 

Corporation 


Duke Power Company 
Pennsylvania Electric 
Compony 

Tennessee Valley Authority 
Duquesne Light Company 


New York State Electr 
& Gas Company 


Consumer Power Cc mpany 


Southern California 
Edison Co 
Philadelphia Electric 
Company 
Delaware Power & Light Cleveland Electric 
Company 

© Public Service C 


Hlum ating Co 


ompany of Indiana 








WESTINGHOUSE 
AIR HANDLING 


you caw BE SURE...1F rs 


Westinghouse 
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Westinghouse Electric Cory 
Sturtevant Div Dept. 101 
Hyde Park, Bo Mass 


sion 


ton 56 


information on vour A 
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Anheuser-Busch’s new Van Nuys, California, Budweiser brewery 
gets “big-station” boiler efficiency automntically with a complete 
Republic Combustion Control System centralized at this panel. 


INDUSTRIAL POWER PLANTS CAN OPERATE 
AT CENTRAL STATION EFFICIENCY 


@ The power plant at Anheuser-Busch’'s new 
Budweiser brewery, Van Nuys, California is a 
good example of how a modern industrial plant 
has taken advantage of cost-cutting methods 
used by central stations. The plant has three 
48,000 lbs. hr. gas or oil fired boilers which pro- 
duce steam at 200 psi. All three boilers are oper- 
ated and coordinated by a Republic Automatic 
Combustion Control System which: 


1. Automatically maintains constant steam pres- 
sure by controlling the heat input to the boilers 
in accordance with the boiler load. 


. Automatically maintains maximum combustion 
efficiency by simultaneously and continuously 
controlling a measured fuel and air input to 
the boiler. 


. Automatically maintains any desired load 
division between the boilers. 


. Automatically maintains correct draft in 
each furnace 


In addition, a Republic two-element feed-water 


system which is tied into the combustion control 
system automatically adjusts the water supply to 
boiler requirements at all loads. 


This “big-station” automatic control means con- 
tinuous firing efficiency for Anheuser-Busch, 
assuring lowest fuel cost per pound of steam pro- 
duced. Fixed costs are also reduced since boilers 
are operated to deliver all of their rated capacity 
during “peak” loads. Extra stand-by equipment is 
not necessary. Finally, chain-of-event troubles 
that are caused by improper operation of auxili- 
aries is avoided by smooth simultaneous adjust- 
ments made by the master control system. 


Let Republic’s combined experience in combus- 
tion control systems for both industrial plants and 
central stations help you operate your power 
plant more efficiently. No matter what size or type 
of boiler, load conditions, fuel firing or draft 
arrangement, Republic can design and produce a 
control system that will operate it for maximum 
efficiency — automatically. Write for full details 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway, Chicago 47, Illinois 
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biggest Tractor News in Years... 
the “Euc’ Bi 


Twin Crawler 


Here's a completely new concept of crawler tractor design 
and performance ...the new TC-12 Twin Power 
Euclid. It's designed and built to give you all the 
features you want in a tractor—more power, easy 
operation, greater workability and accessibility 

for servicing ...and all power train com- 

ponents are matched, with years of ap- 

plication in earth moving equipment. 




















































































































SPECIFICATIONS 


cra, aap h.p. at rated speed Powered by two diesels with separate Torqmatic Drives 
trecti —365 ‘ 
omer ~ 9 — for each track, the TC-12 has 365 h.p. available for tractive 


speeds—3 speed ranges forwerd and reverse ; 
te 8.3 mph effort—a smooth steady flow of power to meet any job require- 
drawbor pull (bare tractor) — ment. There's no master clutch and no manual gear shifting . . . the 


forward and reverse 54,000 Ibs. low range 
53,500 Ibs. intermedicte operator simply moves a lever to select one of three speed ranges— 
53,000 Ibs. high range forward and reverse—for travel speeds up to 8.3 m.p.h. Maximum 


wock width (stenderd shoe) sel drawbor pull is equal to, or greater than, the weight of the tractor 
treck gauge 110 
everall width 11 4" 
overall length odin Each half of the tractor is separate and free to oscillate on a single 


tack oa os ;, 7 
tulgte Peaieding ctock® , transverse shoft. This gives the TC-12 maximum stability and traction 


drowbear height 23 ' 
ground clearence 20” on rough ground. The tractor can be easily separated into two halves 
eperating weight (bare) approx. 58,000 Ibs. 


Never before so much workability! 


and any attachments. 


for shipment when necessary. 


EUCLID DIVISION Genera morors corporation, Cleveland 17, Ohio 


MOVING EARTH ROCK 





~s2vy S 

~@_* * e 
horn, > ~~ 

il 
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WANT OF 
A NAIL... 


Something that wasn’t there 
once cost a king his life. 


For today’s boiler, lack of internal protective surfacing 
is hardly a life or death matter. Yet consulting engi- 
neers ... insurance underwriters... power plant oper- 
ators increasingly specify, recommend, and purchase 


Apexior Number 1 for tube and drum coating. Why? 


Because the yardstick of return on investment proves 
Apexior’s unique service now pays off at the highest 
rate ever ... for modern boiler design and operation 
today permit a single Apexior application to deliver 
maximum protection not only for a normally antici- 
pated five years, but for one three — sometimes 
even five years more! 


And because Apexiorizing is now a one-coat procedure, 
former material and labor estimates are halved. Pro- 
tection that can last twice as long today costs half as 
much ...a trifling pennies-per-square-foot premium 
to insure full return on a major capital investment. 


Like the legendary nail, boiler protective coating may 
seem a factor of small significance — yet it can mean 
the difference between acceptable performance and the 
best of which the modern boiler is capable. The assur- 
ance every inspection gives that tubes and drums are 
functioning at new-metal peak efficiency is the measure 
of Apexior’s service in maintaining highest steam pro- 
duction reliability and quality — a contribution meas- 
ured ultimately in profit dollars. 


Internal boiler protection is but one phase of Dampney 
corrosion-control activity. Dampney Coating Systems 
for specified end-use service protect cooling towers — 
intake water structures — pipeline interiors. For a 
recommendation to meet your requirements, write 


MAINTENANCE 
FOR METAL 





THE 
s 2 as awe FV 


HYDE PARK. BOSTON 36. MASSACHUSETTS 
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NATIONAL. AIROIL 


FOR 43 YEARS 


NATIONAL AIROIL 


FUEL OIL PUMPING 
and HEATING UNITS 


Coane Turbine and Electric Motor 
drive gives flexibility in this compact Model 
P. Ese size No. 25 unit. 


Complete range of sizes and models in pon 
medium and high pressure types . . . 
compact than ever! Write for Bulletin 40. 


PE Valel, Fie Vi cells 


COMBUSTION 
Recetas 


AIR CONTROL DOOR 
and FRAME 


FUEL- = 99 — 


(i- 58 





} WIDE VIEW 
ee PEEPHOLE 


IGNITION PORT 5 i 


se 


FURNACE RELIEF 
and ACCESS DOOR 


Cy — 


These and other “accessory items" for every 
industrial ogy fuel-gas installation. Ask for 
Brochure No. 10 


FUEL-OIL HEATER 


SP -Walel, FN ae Vi deli: 


UNIVERSAL REGISTERS 
with 
TYPE “SA” OIL BURNERS 


Control for Control for 
Air Vane Refractory Faced Disk 


BETTER PERFORMANCE with NA- 
TIONAL AIROIL Universal Registers be- 
cause they have a DUAL FEATURE for 
controlling air volume independent of tur- 
bulence. Aijir vanes can be instant! 
versed to change direction of ror om Me 
while air volume is separately regulated by « 
refractory faced disc control. th adjust- 
ments can be made while the burner is firin 
Another “dual advantage" of NATIONA AL 
AIROIL Universal Registers is that they ere 
equipped for dual on firing of gas and oil. 
Universal Registers with burners are evail- 
able in three (3) sizes . . . capacities up to 

000 Ibs. of steam produced per burner 
per hour. Write for Bulletin #51. 


Oll BURNERS and GAS BURNERS for industrial 
power, process and heating purposes 

STEAM ATOMIZING OIL BURNERS 

SLUDGE BURNERS, Steam Atomizing 

MOTOR-DRIVEN ROTARY Oil BURNERS 

MECHANICAL PRESSURE ATOMIZING OlL 
BURNERS 

DUAL STAGE, Combining Steam and Mecheani- 
col Atomization 

LOW AIR PRESSURE OlL BURNERS 

AUTOMATIC Oll BURNERS, for smal! process 
furnaces and heating plants 

GAS BURNERS 

COMBINATION GAS & Oll BURNERS 

FUEL Of, PUMPING and HEATING UNITS 

FURNACE RELIEF DOORS 

OBSERVATION PORTS 

SPECIAL REFRACTORY SHAPES 


NATIONAL AIROIL BURNER CO., INC. 


* 


INDUSTRIAL OL BURNERS, GAS 


1310 EAST SEDGLEY AVE., PHILADELPHIA 34, PA. 
Southwestern Division: 2512 South Bevlevard, Houston 6, Texes 


BURNERS, FURNACE EQUIPMENT 


91 





YOUR FUEL COSTS go down 
when Clarage 


AMONG ithe mony prominent 
users Sutherland Paper with 13 
Unitherms and 48 Clarco Unit Heoters 
(suspended models for smaller oreo 


service) in its newest plont 


Exclusive Feature 
saves you money 


Clarage's unique Syncrotherm Control 

maintains uniform heating with relatively low 
temperature air in constant circulation 

By-pass dampers control the amounts of air 

passing through and around heating coil. Result 
better use of each BTU at lower cost. Investigate this 
and the other features of the Unitherm Unit 

Heater — available for steam or hot water operation, 
floor or ceiling installation, in a wide size range. Write 
for Catalog 1115. CLARAGE FAN COMPANY, 
Kalamazoo, Michigan. 


* « * e dependable equipment for 
making air your servant 


@ IN CANADA: Conedo Fons, tt 28 ch t., Montreal 
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Modernize Boiler Cleaning 
to IMPROVE AVAILABILITY 


I'm all stuffed up with ash. Boy! I'm feeling swell all the 
My availability is low. time now. Ready for action every 

Wish this guy would give me a day—all day. Made a new avail- 
break with some modern ability record since my cleaning 

Diamond Cleaning Equipment. was modernized by Diamond. 








In 


DIAMOND POWER SPECIALTY CORPORATION 


LANCASTER, OHIO 


DIAMOND SPECIALTY LIMITED, WINDSOR, ONTARIO 7203 





to Shaw experts 


the unusual is routine 





At the St. Joe Paper Company in Port St. Joe, Florida, business went on as 
usual all through the construction of an 800-ton expansion to the Kraft Board 
Liner Plant one of the largest expansions of its kind ever to be completed 
without interrupting production at the original facilities. The job of fabricating 
and installing the piping for this expansion—which involved piping for process, 
water, air, steam, drainage, filtration, and instrumentation—went to the Shaw 
Company of Wilmington, Delaware. A job well done, it included the con- 
necting of six new digesters, two recovery boilers, three power boilers, two 
turbines, an evaporating plant, and a paper machine—as well as piping for 


Roger L. Main, president of the St. Joe 

Paper Company. Says Mr. Main the 30 MGD main open waterway supply system from the Chipola River, 

are tremendously impressed by the fact eighteen and one-half miles away. As is its custom, Shaw set up a complete 
ompany wa Die t ' 

that the Shaw Company was able field organization—under the direct supervision of its Wilmington Construction 


plete the piping for this additior 
;' Pagers Department—to handle material procurement, fabrication and installation 
ule, and with no interr 


f the rest of the plant work, payroll and cost accounting, and related matters. This on-the-spot 
service, combined with careful pre-planning and long years of diversified 
piping experience, enabled Shaw to complete another job economically, skill- 
fully, and on schedule. Your piping job can be handled just as economically, 
just as skillfully, just as swiftly. Simply turn it over to Shaw while you 


conduct your business as usual 


BENJAMIN 


COMPANY 
MAIN OFFICES AND PLANT: WILMINGTON, DELAWARE e Since 1893 





